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ABSTRACT 
Satisfactory seed production several perennial grasses was obtained 
the greenhouse winter using low temperatures and supplementary 
fluorescent lighting. Increasing intensities from 400- 
candles approximately doubled seed production when lights were used for 
9-hour period. When lights were used for the entire day period 
hours, increasing light intensities from 500 750 f.c. 1,500 f.c. gave 
non-proportional increases seed yields. Continuous lighting and 21-hour 
day lighting were not markedly better than 17-hour day lighting. In- 
candescent light 400 f.c. was comparable equivalent intensity 
fluorescent lighting promoting seed production but incandescent lighting 
800 f.c. was inferior 800 f.c. fluorescent lighting. 
INTRODUCTION 
Normally years are required Saskatoon for seed production 
perennial grasses since they remain vegetative the year seeding. 
Breeding programs could accelerated grasses could transferred 
the greenhouse the fall the year seeding and seed produced 
midwinter. the greenhouse, temperatures and planting dates can 
manipulated greatly extend the flowering period and thereby facilitate 
more effective selfing and crossing program. Seasonal isolation for the 
maintenance strain purity may substituted the greenhouse for space 
isolation used the field. The long winters this area are advantageous 
allowing succession harvests with limited greenhouse facilities. 
The main objective this study was investigate the possibility 
seed production perennial grasses the greenhouse winter with 
particular attention lighting. Additional interests were the requirements 
for induction heading, flowering, and interpollination. 


LITERATURE REVIEW 


Allard and Evans (1) indicated the need photoperiods excess 
hours for heading many cool-season grasses. Daylight requirements 
bromegrass later studies (5, 11) were shown vary from 
hours. certain grasses (4) continuous light did not prevent the 
flowering response. 

period short days with cool temperatures prior the period 
long days appears essential for the induction heading many cool- 
season grasses. Cooper (4), Wales, found that certain strains perennial 
ryegrass required weeks cold treatment for induction. Gardner and 


1Contribution No. 55, Research Station, Saskatoon, Sask. 
Research Officer in charge of grass breeding. 
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Loomis (7) noted that induction orchardgrass was not com- 
pleted until December 15. Nebraska, Newell (11) observed that in- 
duction bromegrass was not completed until mid-November. Moreover, 
plants were grown under cool conditions and short days the green- 
house until January after being brought from the field, they produced 
more panicles than clones placed directly under long days December 
MacKay and Dunn (10) obtained best tillering bromegrass when plants 
were brought into the greenhouse October and grown for months 
short days temperature 60°F. Hanson and Sprague (8) recom- 
mended the use short days for period weeks temperature 
55°F. induce heading several grasses. 

Artificial lighting many the above studies was low intensity 
and designed meet day-length requirements only. Black (2) recently 
summarized literature the light requirements pasture species. 
noted the ability most herbage grasses make best growth about 
full daylight. The total amount light received rather than maximum 
intensity determined plant growth. Blackman and Black (3) found the 
relative growth rate certain forage grasses when related the logarithm 
the light level showed linear regression, while for other grasses the 
regression was curvilinear. Upper light levels used their studies were 
those daylight which varied from 26,000 36,000 foot-candle hours 
per day. 


MATERIALS AND METHODS 


Naturally cold-hardened plants were moved from the field the 
greenhouse the fall and subjected various light treatments. Plants 
usually were dug before November avoid having them frozen fast 
the ground. Sods were placed temporarily alongside greenhouses and kept 
moist until taken into the greenhouse and planted. Planting was done 
7-inch 7-inch pots using fine soil. piece sod approxi- 
mately inches diameter was planted each pot. One-half gram 
27-14-0 ammonium phosphate fertilizer was applied the surface each 
pot monthly intervals commencing with the date planting. 

Grasses studied were northern bromegrass, Bromus inermis Leyss., 
tetraploid crested wheatgrass, Agropyron desertorum (Fisch.) Schult., 
diploid crested wheatgrass, cristatum Gaertn., intermediate wheat- 
grass, intermedium (Host.) Beauv., Russian wild ryegrass, 
Fisch., and reed canarygrass, Phalaris arundinaceae Identical 
genetical material was provided for most light treatments the use 
clones. 

Temperatures the greenhouse from mid-November mid-February 
were regulated approximate outside mean temperatures for the months 
May, June and July. Longtime daily mean temperatures for these months 
Saskatoon (N. latitude 52°) are 51°, 60°, and 65°F., respectively (9). 
attempt was made maintain day temperatures (8.00 a.m. 11.00 p.m.) 
10° above the mean and night temperatures 10° below the mean. 
constant day-night temperature 70° was provided one the 
treatments. 
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Fluorescent lighting intensities 1,500- 1,600-foot candles was 
obtained with banks T17 Power Groove cool-white lamps 4-inch 
spacings. White reflectors were provided 2-inch distance above each 
bank. Intensities 700 800 f.c. were provided switching off alter- 
nate lamps banks and the use panels Slimline internal 
reflector cool-white lamps 3-inch centres. Lower intensities lighting 
were obtained removing lamps from Slimline lighting panels. Incan- 
descent light 800 f.c. and 400 f.c. was provided the use 500-watt 
reflector flood lamps spaced feet feet and feet feet. Lamps 
were suspended feet above the top pots. Supplementary incandescent 
light fluorescent banks was provided 40- and 60-watt lamps distributed 
throughout the fluorescent light panels. Fluorescent light intensities were 
measured distance inches below lamps, which the start 
growth coincided with the top the plant pots. 

The intensity natural light the greenhouse was recorded for 
two winters. Readings were made between 11.00 a.m. and 1.00 
beneath fluorescent panel T12 lamps and beneath incandescent flood 
Jamps. Readings were made horizontal plane the top level plant 
growth and involved little direct sunlight. Lights were switched off 
the time reading. Average readings between mid-November and mid- 
January were 318 f.c. under fluorescent light banks and 536 f.c. under 
incandescent lights. low readings indicate the limitations natural 
light this season coupled with shading from the greenhouse and lamp 
structures and icing roof and side walls. 

Treatments were confined separate greenhouse benches spaced 
inches apart. Some interference light treatments could expected. 
Where 21- and 24-hour day lengths were required black plastic shades 
separated these treatments from others during the night. When flowering 
commenced all clones each grass, regardless previous treatments, were 
assembled common bench. This was done facilitate interpollination. 

encourage flowering, temperatures were raised approximately 
80°F. alternate days from regular day temperatures 70°F. Flowerin 
occurred from 3.00 p.m. 8.00 p.m. except for reed canarygrass, 
flowered the early morning. Slight agitation plants and sudden re- 
ductions temperatures from 80°F. increased flowering. Interpollination 
was obtained moving bamboo cane horizontally across the plant bed 
the level inflorescences. This treatment was repeated several half- 
hour intervals until flowering and dehiscence were completed for the day. 


RESULTS 

Winter 1957-58 

Eight light-temperature treatments were applied grasses. Each 
treatment involved plants bromegrass, plants tetraploid crested 
wheatgrass, plants intermediate wheatgrass, and plants Russian 
wild ryegrass. Plants were brought into the greenhouse between Oc- 
tober and November 14. From the date planting until November 
all plants received supplementary incandescent lighting 400 f.c. from 
3.00 p.m. midnight. November the various light treatments were 
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TABLE EFFECT LIGHT AND TEMPERATURE TREATMENTS DRY MATTER YIELDS 
PERENNIAL GRASSES THE GREENHOUSE, WINTER 1957-58 


Dry matter—grams per plant 


Inter- 
Crested mediate Russian 
Treatment Period Brome wheat wheat wild Average 
(400 70°)! p.m. mdt. 5.3 7.6 4.3 
(400 p.m. mdt. 9.8 4.5 11.8 3.4 7.4 
(500 p.m. mdt. 9.4 4.1 16.0 8.8 
(800 p.m. mdt. 11.2 5.8 13.9 8.6 
(800 p.m. mdt. 14.8 8.2 22.9 4.6 12.6 
(800 p.m. mdt. 13.8 8.7 20.6 4.3 11.8 


lBracketed values refer to light intensity in foot candles as supplied by fluorescent (F) or incandescent (1) 
lamps. Treatment A received a constant temperature of 70° F. 


TABLE 2,— EFFECT LIGHT AND TEMPERATURE TREATMENTS SEED PRODUCTION 
PERENNIAL GRASSES THE GREENHOUSE, WINTER 1957-58 


Seed weights—grams per plant 


Inter- 
Crested mediate Russian 
Treatment Period Brome wheat wheat wild Average 
(400 70°) p.m. 0.4 0.0 0.4 0.1 0.2 
(400 p.m. mdt. 0.4 0.4 0.8 
p.m. mdt. 1.4 1.6 0.9 0.6 
(800 p.m. mdt. 2.2 0.8 0.9 1.6 
p.m. mdt. 2.0 1.4 2.5 0.6 1.6 


started. Tables and give details these treatments together with 
total above-ground plant yields maturity and seed yields. 

Most rapid development occurred treatment which received 
temperature 70°F. from planting time flowering. Flowering for 
this treatment was general late December. However, this treatment 
was considered unsatisfactory plants maturity were small, badly 
lodged, with poorly developed inflorescences. Crested wheatgrass plants 
grown 70°F. often showed spikelet formation. 


The remaining treatments resulted flowering between January 
and February with maturity between February and March 14. 
Greatest dry matter and seed weights were shown for treatments and 
which received 800 f.c. fluorescent lighting. The much better growth 
than and indicates benefit from lighting during daylight hours. 
Treatments and gave similar forage and seed yields. Thus 
the 400 500 f.c. intensity level fluorescent and incandescent light appear 
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TABLE EFFECT LIGHT TREATMENTS DRY MATTER PRODUCTION PERENNIAL 
GRASSES THE GREENHOUSE, WINTER 1958-59 


Dry matter—grams per plant 


Inter- 
Crested mediate| Reed 
Treatment Period Brome wheat wheat canary Average 
(400 p.m. mdt. 6.2 3.6 6.7 6.9 5.8 
(400 mdt. 4.0 7.6 5.4 5.6 
(750 p.m. mdt 5.0 10.0 11.9 8.5 
(800 a.m. mdt. 9.9 10.8 9.5 10.8 10.2 
(1600 a.m. mdt. 9.0 12.8 8.5 10.9 
(800 a.m. a.m. 10.2 9.0 12.2 10.8 
(1600 a.m. a.m. 14.1 9.3 18.2 13.8 13.8 
(800 mdt. 5.5 8.7 8.5 6.6 
(1600 p.m. mdt. 11.1 8.6 13.9 4.4 9.5 


TABLE EFFECT LIGHT TREATMENTS SEED PRODUCTION PERENNIAL GRASSES 
THE GREENHOUSE, WINTER 1958-59 


Seed weight—grams per plant 


Inter- 
Crested mediate} Reed 
Treatment Period Brome wheat wheat canary Average 
(400 p.m. mdt. 1.0 0.5 0.7 0.6 0.7 
(400 p.m. mdt 0.7 0.3 1.0 0.5 0.6 
(750 mdt. 1.6 1.2 1.9 0.8 1.4 
(750 p.m. mdt. 0.6 1.5 1.8 0.7 


equally satisfactory. The use 800 f.c. incandescent light (treatment 
did not promote growth seed setting well comparable intensity 
fluorescent light (treatments and H). 
Winter 1958-59 

Ten light treatments were designed test longer periods supple- 
mentary lighting and higher intensities than used the previous winter. 
Each treatment involved plants bromegrass, plants diploid crested 
wheatgrass, plants intermediate wheatgrass, and plants reed 
canarygrass. Plants were brought into the greenhouse between October 
and November uniform light treatment 800 f.c. fluorescent light 
was used until November with lights from 8.00 a.m. 5.00 p.m. 
The use short day approximately hours was intended complete 
the induction plants before the initiation long days. Details light 
treatments and production dry matter and seed are given Tables 
and 
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TABLE 5.— EFFECT LIGHT TREATMENTS DRY MATTER PRODUCTION PERENNIAL 
GRASSES THE GREENHOUSE, WINTER 1959-60 


Dry matter—grams per plant 


Inter- 
Crested mediate 
Treatment Period Brome wheat wheat Average 
(500 a.m. a.m. 12.9 18.3 14.5 
(500 a.m. a.m. 13.8 10.9 19.0 14.6 
(750 a.m. a.m. 14.9 14.6 17.4 15.6 
(750 a.m. a.m. 14.2 15.6 19.6 16.5 
(1500 a.m. a.m. 12.8 16.3 15.1 14.7 
(700 Continuous 12.8 15.1 19.1 
(1500 Continuous 14.1 19.3 18.6 17.3 
(700 p.m. a.m. 11.8 12.1 14.4 12.8 
(1500 p.m. a.m. 14.8 14.1 16.5 15.1 


TABLE EFFECT LIGHT TREATMENTS SEED YIELDS PERENNIAL GRASSES 
THE GREENHOUSE, WINTER 1959-60 


Seed weight—grams per plant 


Inter- 
Crested mediate 
Treatment Period Brome wheat wheat 


Average 


1.8 1.4 1.6 
(750 a.m. a.m. 1.9 1.8 1.6 1.8 
(1500 a.m. a.m. 2.0 1.8 2.0 
(700 Continuous 1.9 1.9 
(1500 Continuous 2.0 2.4 


| 
| | 
| 
| 
| 
| 


Highest forage and seed weight the winter 1958-59 resulted 
from the use 1,600 f.c. fluorescent lighting for 21-hour day periods 
(treatment H). Using this light intensity for shorter periods the day 
(treatments and resulted lower forage and seed weights. Reducing 
light intensities from 1,600 800 750 f.c. did not cause corresponding 
reductions forage and seed production. Lowest production resulted 
from the use 400 f.c. intensity with little difference noted between 
fluorescent and incandescent light sources. 


Winter 1959-60 


Again, light treatments were used. Continuous lighting was sub- 
stituted for the 21-hour day the previous winter and lights were used 
throughout the natural day for most treatments. Each treatment involved 
plants bromegrass, plants diploid crested wheatgrass, and 
plants intermediate wheatgrass. Cuttings were taken into the green- 
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TABLE SEED YIELDS CRESTED WHEATGRASS THE GREENHOUSE USING TWO LIGHT 
INTENSITIES AND 2-DAY LENGTHS 


Seed weight— 

Treatment Period grams per plant 
(800 Continuous 1.9 


house between October and November Fluorescent lighting 
750 f.c. was applied all plants from 8.00 a.m. 5.00 p.m. for the period 
between planting and November 20. November the various light 
treatments were started. Tables and present forage and seed yields 
for the 1959-60 test. 

Best growth and seed production were shown treatment which 
received 1,500 f.c. fluorescent lighting continuously. However, nearly 
satisfactory seed setting was shown for treatments and which re- 
ceived approximately the same light intensity for shorter day periods. 
contrast the previous winter, light intensities 500 and 700 f.c. provided 
almost good seed production higher light intensities. Apparently 
the use longer lighting periods from 8.00 a.m. 1.00 a.m. compensated 
for these lower intensities. Incandescent lighting showed advantage 
over fluorescent lighting either supplement substitute. 

additional test was made continuous lighting crested wheat- 
grass. Clones plants were given fluorescent lighting 800 and 
1,600 f.c. intensity with 17-hour day periods and continuous lighting. 
Average seed yields are given Table 


This test, the previous one, indicates only slight advantages con- 
tinuous lighting over the use 17-hour day periods. There suggestion 
that continuous lighting 1,600 f.c. had adverse effect plant de- 
velopment compared the 800 f.c. intensity for the same length day. 


DISCUSSION 

Despite limitations the control lighting these studies certain 
observations the effect light intensities appear order. Intensities 
700 800 f.c. appeared adequate for reproductive development pro- 
viding lights were used throughout the natural day, well the extended 
day. Intensities 1,500 1,600 f.c. resulted more seed and earlier 
maturity than found with 700 800 f.c. but the increases were not directly 
proportional the extra light received. Added construction costs pro- 
vide intensities 1,500 1,600 hardly warrant the use these intensities 
for general seed increases grasses. The use day-lengths beyond 
hours gave some additional seed production but the advantages were 
questionable value. 

Incandescent lighting 400 500 f.c. was satisfactory for grass 
seed production equivalent intensities from fluorescent lamps. the 
basis single test 800 f.c. incandescent light was inferior equi- 
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valent intensity fluorescent light. The use 800 f.c. incandescent 
lighting throughout the greenhouse would likely have caused heat dissipa- 
tion problems. Plants grew tall with incandescent light and lodging 
occurred. With fluorescent light, the other hand, plants were shorter 
and culms were quite sturdy, this being noticeable the 1,600 
f.c. intensity. Incandescent light supplement fluorescent light was 
little value. 

The amounts natural light received were small relation artificial 
light. The average intensity natural light mid-day under fluorescent 
panels December and January was 318 f.c. the basis 6-hour day 
this would result 1,908 f.c. hours light per day. Intensities 700 f.c. 
artificial light for 17-hour day would result 11,900 f.c. hours per day. 
Using 1,600 f.c. for 24-hour day would result 38,400 f.c. hours per 
day exclusive natural light. This value exceeds average daylight values 
noted Blackman and Black giving optimum growth several 
perennial grasses (3). The ability plants the Saskatoon studies 
make good growth with 700 800 f.c. light intensities may result from 
minimum self-shading since they were grown pots inches 
diameter. should kept mind also that plants were grown from 
cuttings well developed plants which presumably would have adequate 
food reserves. 

The necessity low temperatures the early stages growth, 
pointed out other studies (8, 10, 11), was apparent the present work. 
Plants bromegrass grown from planting time maturity grew 
rapidly and flowered early but seed yields were low. Seed production 
crested wheatgrass and Russian wild ryegrass was negligible this tem- 
perature. Occasionally during October and early November average 
temperatures 50°F. could only approached using forced methods 
air circulation and offsetting higher day temperatures with lower night 
temperatures. These studies did not provide comparison alternating 
day and night temperatures with constant temperature. However, the 
good plant response obtained with cool nights and warm days shows the 
advantages the practice. 

Plants were left the field long possible the fall encourage 
induction heading. Good production seed stalks indicated that the 
induction phase was fairly complete late October. However, the 
1958-59 study there was considerable development sterile tillers which 
would suggest incomplete induction. Mean daily outside temperatures for 
October were respectively 37.3°, 43.4°, and for 1957, 1958 and 
1959. The below normal temperatures 1957 and 1959 apparently 
favoured induction while the more normal temperature 1958 was not 
satisfactory for complete induction. longer period short days and 
cool temperatures the greenhouse, suggested Hanson and Sprague 
(8) and MacKay and Dunn (10), might have been desirable. However, 
this would delay maturity and the entire spring planting schedule the 
greenhouse. 

the fall 1959 group plants not used the light intensity 
studies was dug late October and left outdoors freezing temperatures 


encourage induction. Considerable damage plants resulted, especially 
bromegrass. Further evidence the sensitivity freshly dug plants 
trost was shown placing them cold rooms late October. Tem- 
peratures 32°F. below for days damaged bromegrass and inter- 
mediate wheatgrass, and temperatures 20°F. less damaged crested 
wheatgrass and Russian wild ryegrass. Further work required appro- 
priate temperatures and durations necessary for floral induction these 


The techniques used encourage flowering and interpollination ap- 
peared satisfactory. The production 2.0-gram seed per 7-inch pot 
equivalent pound seed per greenhouse bench feet feet, 
over 400 pounds per acre field basis. Average percentages seed setting 
were 73, 64, and 67, respectively, for bromegrass, diploid crested wheat- 
grass, and intermediate wheatgrass. Corresponding field values for these 
grasses for 5-year period were 62, 66, and 62. Another method 
expressing seed setting the ratio above-ground plant weight seed 
weight. 8-year field study showed ratios 15:1, 7:1, and 27:1 for 
bromegrass, crested wheatgrass, and intermediate wheatgrass, respectively. 
the greenhouse comparable ratios for years, when induction was more 
less complete, were 7:1, 8:1, and 8:1, respectively, for the grasses. 
Bromegrass and intermediate wheatgrass produced more seed relation 
plant weight when grown the greenhouse than when grown the field. 
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STUDIES TOMATO RESPONSE MULCHING 
RIDGED AND FLAT ROWS' 


Canada Department Agriculture, Kentville, Nova Scotia 


[Received for publication November 16, 1959] 


ABSTRACT 


Black plastic and sawdust mulches were applied ridged and flat rows 
2-year (1956-1957) study their effect tomato culture. Records 
were taken soil temperature and moisture levels, ripe fruit August 31, 
and total crop (ripe and green fruit). 


The highest early yield was obtained from the unmulched and sawdust 
plots but the heaviest total yield came from the black plastic plots. Highest 
soil temperature and lowest moisture readings were recorded under the 
plastic, and lowest temperature and highest moisture under the 
sawdust. 


The earliest ripe fruits came from the flat rows, but the total crop was 
significantly higher the ridge rows. There was significant interaction 
for mulches and row type. 

INTRODUCTION 

Efforts improve the yield and grade tomatoes have led con- 
siderable interest the use mulches. Many different types material 
have been used (7) including manure, straw, leaves, sawdust (1, 12), 
paper (11), aluminum foil (7) and more recently black plastic (3, 5). 

Michigan, Turk (12) found that sawdust mulch improved soil 
structure, reduced soil cracking, limited capillary movement soil moisture 
and increased absorption rainfall reducing surface run-off. Other 
workers, Allison (2) and Lunt (9), further supported these findings and 
noted the need for extra nitrogen. Johnson (8) found that sawdust mulch 
increased tomato yields, depressed the soil nitrates slightly, retained higher 
moisture levels, and maintained more uniform soil temperatures. 


Kentucky, Emmert (5) found that the main advantages black 
plastic mulch were control weeds; increase soil temperature, 
reduction crusting and packing the soil; decrease water loss, and 
reduction disease because less spattering soil-laden water the 
plants. Clarkson and Grazier (4) found that black plastic did not mature 
tomatoes earlier but did give increased yields. Using early tomato 
variety, Carolus and Downes (3) reported that when plastic was used 
early yields were per cent higher than uncovered soil. 

Tomatoes are commonly grown Nova Scotia under two cultural 
methods ridged and flat rows. This was designed investi- 
gate the influence sawdust and black plastic mulches the production 
tomatoes grown these two methods. 


MATERIALS AND METHODS 


the years 1956 and 1957, mulch treatments were applied 
well cultivated soil (Berwick Sandy Loam) (6), which had received 
broadcast application tons manure plus 1500 pounds 6-12-12 


No. 1019 from the Research Station, Canada Department Agriculture, Kentville, 
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fertilizer per acre. Two row types, one flat and the other ridged inches 
high, inches wide top), were mulched follows: 


(a) 2-inch layer sawdust applied 3-foot wide strip. 


(b) Black plastic (1.5 mil polyethylene) appl 3-foot wide strip with 2-3 inch 
cover soil the edges hold place and average 1.5 3-inch diagonal 
slits the square foot cut the material allow water penetration. 


(c) Control, mulch. 


The plot arrangement was 3x2 factorial arranged four randomized 
blocks. The early determinate variety Scotia was set June 
foot foot 10-plant plots, with the end plants being excluded from 
yield and size recording. Following the recommendation Lunt (9), 
ammonium nitrate the rate pounds per cubic yard was applied 
the sawdust plots. 


Each plot included one gypsum block set the 4-inch depth 
determine moisture amounts. Per cent available moisture readings were 
taken with Bouyoucos moisture meter (Model 351). 

Soil temperature readings the 2-inch level were taken with standard 
type soil thermometer. During the growing period readings for soil 
moisture and temperature were taken twice-weekly intervals, alternating 
between 10.00 a.m. and 3.00 p.m. reading. 


Yield records were taken for ripe fruit August and total fruit 
consisting all ripe September plus the green fruit picked 
that time. 


RESULTS 


During both years the plants made satisfactory top growth after July 
but did not cover more than per cent the ground area because the 
variety has the dwarf habit growth. 

All the measurements showed significant differences for the years 
(Table 1), with the warmer, drier year (1957) producing larger early 
yield but lower total yield. The pattern response the mulches was 
similar for the years. 

The highest soil temperatures (Table were under the plastic, fol- 
lowed order the unmulched and sawdust. differences were found 
between ridged and flat rows. 


TABLE THE EFFECT SOIL TEMPERATURE AND MOISTURE EARLY AND TOTAL YIELD 
TOMATOES FOR DIFFERENT YEARS (1956-1957) 


Yields tons/acre 


Years Soil Per cent Early Total 
temperature, available ripe (ripe and green) 
moisture Aug. Sept. 
1956 18.4 46.3 1.88 30.15 
1957 18.9 37.3 3.97 
L.S.D. level 0.2 5.9 0.47 
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TABLE THE EFFECT MULCHES AND CULTURAL METHODS MEAN SOIL TEMPERATURES, 
1956-1957 


Type row 


Treatment Ridged Flat Mean 
Plastic 
Sawdust 
Mean 


L.S.D. between means 0.2 


TABLE THE EFFECT MULCHES AND CULTURAL METHODS EARLY YIELD RIPE 
(TO 31), 1956-1957 


Early yield tons/acre 


Treatment Ridged Flat Mean 
Unmulched 
Sawdust 3.51 
Mean 


L.S.D. between means 0.58 
0.47 


TABLE THE EFFECTS MULCHES AND CULTURAL METHODS TOTAL YIELD TOMA- 
TOES (RIPE AND GREEN), 1956-1957 


Total yield (ripe and green) tons/acre 
Treatment Ridged Flat Mean 
Plastic 
Sawdust 
Mean 


3-NS 


Figure summarizes the soil moisture levels, and gives the amount 
rainfall and irrigation applied during this experiment. Moisture was highest 
under the sawdust and the lowest under the plastic. The statistical analysis 
the data did not show any significant differences between ridged and 
flat rows, although the trend was toward higher moisture the flat row. 

the production early ripe fruit August (Table 3), 
higher yields were obtained from the sawdust and the unmulched treatment 
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than from the plastic. The flat row plots also outyielded the ridged rows. 
For the total crop, ripe and green (Table 4), the reverse was true where 
significant increase yield favoured ridged rows and also the black plastic 
although the analysis the data there was significant interaction 
between mulches and row type. 


DISCUSSION AND CONCLUSION 


Under the conditions this trial the yields were not complete 
agreement with the results obtained some other workers. For example, 
the use sawdust mulch did not result increased yields over the un- 
mulched has been reported Johnson (8). Although the plastic plots 
produced the largest total yield, the yield early fruit was lower which 
differs from the findings Carolus and Downes (3). Maximum soil tem- 
perature difference between plastic and unmulched soil was 5°C.; the mean 
difference was which appears lower than what has been reported 
Emmert (5). 

Soil moisture levels for treatments were quite different, with the plastic 
plots being very low. This latter condition may due too few slits 
the material the fact that the plastic row tends shed water. 
probable that, where plastic used, the row should hollowed out 
allow for the satisfactory collection water. 


The wide variation moisture supply could largely responsible for 
the differences yield. inadequate amount water could result 
the unsatisfactory development the plant, particularly its early stages. 
This condition might adversely affect the yield fruit. Further, 
the lack moisture under plastic might induce the production more 
extensive root system eventually extending beyond the area the mulch. 
This could result stronger and more vigorous plant and greater 
production total, green and ripe, fruit. this stage, where moisture 
may longer limiting factor, the higher temperature under the 
plastic could also responsible for increase yield. 

The important comparison consider this experiment the effect 
these mulches when applied ridged and flat row. Since there was 
significant interaction between mulches and row type concluded 
that they may used with equal effect either type row. 

conclusion, the heaviest yield early fruit was produced 
flat row from either sawdust unmulched treatment. For the total 
yield, ripe and green, the plastic mulch treatment ridged row out- 
yielded the others. 
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THE REDUCTION SEEDLING SUGAR-BEET STANDS 
HEPTACHLOR-IMPREGNATED 


Canada Agriculture Research Station, Lethbridge, Alberta 


[Received for publication May 1960] 


ABSTRACT 

Ammonium phosphate fertilizer (11-48-0) impregnated with solvents and 
heptachlor-solvent combinations when placed contact with germinating 
sugarbeet seed was phytotoxic. The phytotoxicity varied with the solvent 
and increased with the addition heptachlor. Seedling stands were in- 
creased over untreated plots when 11-48-0 was placed both sides the 
germinating seed, but the addition solvents and heptachlor reduced 
the beneficial effects fertilizer. 

INTRODUCTION 

Heptachlor-impregnated fertilizer placed the furrow with the seed 
has been used Alberta and Manitoba since 1957 for the control the 
sugar-beet root maggot, Tetanops (Roed.). 

Allen al. (1) have shown that seedling stands were significantly 
reduced Manitoba 1957 when low-volatile solvent (AR60) 
aromatic naphtha was used the formulation the impregnated fertilizer. 
Alberta, during 1957, where commercially impregnated fertilizer pre- 
pared with was used, reseeding was necessary when the seed was 
planted dry seedbeds. However, with adequate moisture this treatment 
increased yields over that from untreated sugar beets. 1958 reseeding 
because dry seed bed conditions was decreased when xylene was used 
instead AR60 the commercial formulation. 

The phytotoxic effects fertilizer contact with germinating sugar- 
beet seeds have been demonstrated. Dubetz al. (2) reported that under 
low-moisture levels fertilizers reduced the initial stand. However, 
berta the use 11-48-0 100 pounds per acre was considered sound 
practice because thinning one beet per foot row made initial stand 
reductions negligible. Snyder (7) has shown that loss germination due 
fertilizer effects can overcome placement the fertilizer bands 
inch either side and inch below the seed. Smith (6) suggested 
placement below and the side the seed, provided there was loss 
moisture reduce germination. 

Guyer al. (4) have shown germination studies with onion and 
radish seeds that heptachlor granular insecticide formulations placed con- 
tact with the seed produced phytotoxicity, which varied with the solvent 
and increased with the addition heptachlor. 

During 1958 and 1959 experiments were conducted the Research 
Station, Lethbridge, Alberta, determine the extent sugar-beet seedling 
reduction caused the use heptachlor-impregnated fertilizer for the 
control sugar-beet root maggot and ascertain whether solvents 
heptachlor were associated with seedling phytotoxicity. 


MATERIALS AND METHODS 
The materials used these tests were technical heptachlor (72 per 


from the Entomology Section. 
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cent), heptachlor pounds toxicant per U.S. gallon)*, ammonium 
phosphate fertilizer (11-48-0), and solvents AR50, AR60*, 
and xylene. Commercial decorticated multi-germ seed**, which had been 
treated with Captan the rate ounces per 100 pounds seed, was 
used all experiments. 

The heptachlor-solvent fertilizer combinations were formulated the 
laboratory just prior testing. This was accomplished spraying 11-48-0 
fertilizer with equivalent volume per cent weight heptachlor- 
solvent solution give per cent weight heptachlor combination. 
For the solvent-fertilizer combinations, 11-48-0 was sprayed with the equi- 
valent volume solvent only. 

1958, ‘the effects fertilizer, solvent fertilizer, and heptachlor- 
solvent fertilizer seedling stand when placed the furrow with the 
seed were tested moderately dry seedbed. This condition was achieved 
reworking the seedbed before planting until the top layer soil was 
dry depth inches. One hundred seeds were spaced inches 
apart and inches deep each plot. Before covering the seed the 
fertilizer was distributed uniformly the furrow the rate 100 pounds 
The rate for the heptachlor treatments was equivalent pound 
toxicant per acre. Each treatment was replicated four times within 
randomized blocks. 

The same combinations were tested again 1959 under similar seedbed 
conditions except that the fertilizer and combinations were distributed 
uniformly bands inch both sides the planted seed and the 
same level. Included this test was additional treatment which the 
covered furrow was sprayed with 6-inch band heptachlor-water 
solution the rate pound toxicant per acre. 

The final assessment seedling stand was made weeks after initial 
emergence the plants both tests. Duncan’s (3) multiple range test 


Chemical Corp., Chicago, 
Canadian Sugar Factories Ltd., 1958. 


TABLE 1,— EFFECTS OF TREATMENTS PLACED IN CONTACT WITH SUGAR-BEET SEED ON 
SEEDLING STANDS 3 WEEKS AFTER EMERGENCE 


Mean number Multiple range test 

Treatment! living plants level? 
Untreated 76.5 
Fertilizer 70.5 
Xylene 64.3 abc 
ARSOG 50.3 cdef 
ARSOG +F+H defg 


multiple range test. Treatments not having common letter are significantly 
different the level. 


CANADIAN JOURNAL PLANT SCIENCE 


was used with analysis variance establish differences between 
treatments. 
RESULTS AND DISCUSSION 

The effects fertilizer and fertilizer impregnated with solvents 
heptachlor-solvent combinations seedling stands when placed contact 
with germinating sugar-beet seeds are shown Table 

Fertilizer and fertilizer impregnated with xylene did not 
significantly reduce seedling survival. All fertilizer-solvent combinations 
containing heptachlor were phytotoxic. Fertilizer impregnated with 
solvents AR60, AR50, and gave significantly lower stands than the 
untreated plots. was the only solvent that was significantly more 
phytotoxic than fertilizer alone. The addition heptachlor increased the 
phytotoxicity the solvent-fertilizer combinations but this increase was not 
significant with and There was difference noted be- 
tween the solvent-fertilizer treatments nor were there any differences noted 
between the heptachlor-solvent combinations. 

The results placing the fertilizer and combinations both sides 
the seed side treatment (Table show that solvent effects were not 
pronounced under these conditions and that the addition heptachlor 
fertilizer similarly did not produce differences seedling stand from 
that the unfertilized plot. However, with fertilizer alone, the side 
placement gave significant increase seedling stand over that the 
untreated plot. The combinations heptachlor with fertilizer and xylene 
were more phytotoxic than fertilizer alone fertilizer and 
while heptachlor with fertilizer and was more phytotoxic 
than combinations. The application heptachlor the soil surface 
band was the most phytotoxic treatment. 

Heptachlor-impregnated fertilizer applied contact with germinating 
seed reduced initial sugar-beet stands and the degree phytotoxicity varied 


TABLE 2. — EFFECTS OF TREATMENTS PLACED % INCH TO BOTH SIDES OF SUGAR-BEET SEED 
ON SEEDLING STANDS 3 WEEKS AFTER EMERGENCE 


Mean number Multiple range test 
Treatment! living plants level? 

Fertilizer 

ARSO 77.0 abc 

Xylene abcde 
Untreated 70.3 


multiple range test. Treatments not having common letter are significantly 
different the level. 

solution sprayed the soil surface 
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with the solvent used the formulation. Similar results have been ob- 


tained when granular heptachlor formulations were contact with onion 
and radish seeds (4). 


When 11-48-0 fertilizer was placed both sides the germinating 
seeds, the initial plant stands were increased, thus eliminating adverse fer- 
tilizer effects (6, 7), but under the moderately dry seedbed conditions 
these tests the addition heptachlor and solvents the fertilizer tend 
negate the beneficial effects. the present practice planting 
multi-germ sugar-beet seed and thinning stands one beet per foot 
row, the proper selection heptachlor-solvent combination for im- 
pregnating 11-48-0 and placing such treatment the furrow with the 
seed could result optimum stand mature beets. Side placement 
this impregnated fertilizer would lower the possibility initial stand 
reduction due phytotoxicity. However, removing the insecticide from 
the initial area growth may not prevent early maggot damage seedling 
sugar beets (5). 

Stand reductions due fertilizer and phytotoxic insecticide combina- 
tions could become more evident when mono-germ seed and placement 
planting such seeds reduce thinning operations becomes common 
practice. This would necessitate replacing this method maggot control 
with safer techniques. 
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RED CLOVER INFESTATIONS THE CLOVER 
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[Received for publication May 18, 1960] 


ABSTRACT 


eastern Ontario, 1954, when the first crop red clover was 
harvested June 10, 16, 22, and and July the percentages heads 
damaged the clover seed midge the second crop were 34, 39, and 
respectively. When the first crop was harvested June 16, the second 
crop bloomed early enough escape serious damage the second genera- 
tion. The plots that had the least damage the midge gave the highest 
yields; however, fluctuations pollinator activity and weather may also 
have affected seed set. 


INTRODUCTION 

producing seed the double-cut types red clover the usual 
practice harvest the first crop for hay and the second for seed. Both 
crops may attacked the clover seed midge, Dasyneura leguminicola 
(Lint.), but the damage only important seed fields. Comstock (1) 
suggested that the damage could prevented the first crop was harvested 
before the first-generation larvae matured; this would destroy the larvae 
and reduce the second generation, which normally damages the second crop. 
This suggestion was adopted entomologists the United States and 
Canada. However, their recommendations for the proper time harvest 
the first crop did not always agree (2, 10); some them gave 
specific dates for their areas and others suggested various stages bloom. 
The lack uniformity the recommendations may have accounted for 
some the damage occasionally reported (5, 12; 6-9) areas where they 
were followed. 

During studies the biology the midge eastern Ontario (4), 
Comstock’s method control was investigated. This paper report 
experiment Ottawa 1954 determine the best time harvest the 
first crop red clover prevent damage the midge the second crop. 


MATERIALS AND METHODS 

The study was conducted field Ottawa medium red clover, near 
Manotick, Ontario, miles south Ottawa. The first crop was harvested 
five dates: June 10, 16, 22, and and July The plots, which were 
each harvest the amount bloom was determined counting the 
buds and blossoms each two areas foot square per plot. 

After each harvest the second crop was examined periodically 
estimate the date which full bloom occurred. full bloom, records 
infestations the midge were obtained follows: total 200 
clover heads, 100 from each two areas selected random, were taken 


from the Entomology Research Institute, Research Branch, Canada Department 
Agriculture, Ottawa, Ont. 
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TABLE PERCENTAGES BLOOM FIVE DATES HARVEST THE FIRST CROP 
RED CLOVER, AND DATES BLOOM, INFESTATIONS THE CLOVER SEED MIDGE, AND YIELD 
SEED THE SECOND ONTARIO, 1954 


Harvest first crop Second crop 


Heads infested 


Yield seed, 
Percentage Date grams per 

Date bloom full bloom Number! Percentage square yard 
June July 2.32 32.0 
June August 2.62 37.0 
une 100 August 8.93 26.2 
July 100 August 10.90 16.8 

Standard error means 0.42 2.24 


200 heads per plot. The means and standard error given here are the trans- 
formed scale. 


from each plot. Each head was graded into one four categories based 
the percentage florets infested: 10, 20, 60, and 
100. stabilize treatment variances the data for number heads 
infested was transformed using \/x where the actual count. 

Yields seed were determined harvesting all the clover plants 
area yard square each plot. After threshing, seed weights were 
calculated pure seed basis. 


RESULTS AND DISCUSSION 
When the first crop red clover was harvested June 16, 
few heads were infested the second crop (Table 1). the second 
crops that followed the June and harvests, the numbers heads 
infested were much larger, but significantly smaller than the crop 
following the July harvest. The number infested heads tended 
increase with the lateness harvest the first crop and the consequent 
later bloom the second crop. Damage the midge increased similarly; 
the numbers heads out 1,000 that contained various percentages 

damaged florets after the five dates harvest were: 


Percentage 


florets damaged June June June June July 
975 969 652 605 406 


The experiment indicated that the first crop red clover eastern 
Ontario should harvested between June and prevent severe 
damage the midge seed fields. When the first crop was harvested 
June 16, yield seed the second crop was significantly higher than 
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when was harvested June later (Table 1). The smaller yields 
obtained when the first crop was harvested later than June were perhaps 
only partly due damage the midge; since the second crops bloomed 
different times during July and August (Table 1), fluctuations 
pollinator activity and weather may also have affected seed set. 


Observations growers’ fields from 1952 1959 suggested that results 
similar those reported this paper would obtained most years 
whether midge populations were large small. Guppy (4) found that 
with rise fall midge populations the number florets damaged in- 
creased decreased accordingly though the number clover heads 
infested did not vary proportion. Protection from the midge could 
probably obtained harvesting the first crop earlier than June but 
there would some disadvantages; yields hay would undoubtedly 
low and the second crop might bloom before pollinators were abundant. 


The control the midge obtained harvesting the first crop 
was due not only destruction the first-generation larvae, Comstoc 
(1) had suggested, but also, and probably more important, because the 
second crop was induced bloom early enough escape serious damage 
the second generation. Red clover susceptible attack the midge 
for weeks when green heads are abundant; about week before full 
bloom, most the remaining green heads are too large accepted 
for oviposition. plots harvested June and 16, the second crops 
were near full bloom the beginning the midge flight late July, and 
damage was negligible (Table 1); plots harvested June and and 
July bloomed during the midge flight, which was mainly from July 
August (4), and were susceptible midge attack for about and 

The percentage heads bloom field rather than specific dates 
‘might used indicate the best time harvest the first crop red 
clover, but eastern Ontario dates alone are satisfactory. The data ob- 
tained 1954 suggest that the crop should harvested when about 
per cent the heads are bloom (Table 1); this was from June 
1954 and 1957, which were years normal spring temperatures, and 
about week earlier 1953, 1955, and 1959. Although midge development 
and stage bloom both varied the early part the season depending 
the weather, the time emergence the first-generation adults July and 
August did not vary greatly from year year (4). Hence, harvesting 
the first crop between June and regardless the amount bloom 
should give satisfactory results eastern 
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ABSTRACT 


The backcross breeding method was applied co-operative tomato 
improvement project that involved nine research institutions Western 
Canada with highly effective results. Breeding lines have been obtained 
from the Earlinorth Morden BB3 cross, which fruit size was 117.15 
per cent greater and maturity equal Earlinorth. other lines fruit size 
was 44.33 per cent greater and maturity days earlier than Morden BB3. 
Combination improvement employing correlation data for selecting the 
largest-fruited, earliest-ripening genotypes contr.buted breeding progress. 
Heritability estimates indicated the selection potential the cross. The 
fasciation character was found associated with the development 
large fruit size and late maturity certain breeding lines. 


INTRODUCTION 

Fruit size and early maturity are primary requisites the breeding 
tomatoes for the short frost-free growing areas Canada. Most other 
characters are secondary. The three breeding methods commonly used are 
the pedigree, first generation hybrid, and the backcross. The first these, 
which comprises the development homozygous strains preferred plant 
types occurring segregating populations, has resulted valuable varieties 
such Early Chatham, Early Lethbridge and Manitoba. The first genera- 
tion hybrids, Mustang and Monarch, are also meritorious early-maturing 
tomatoes (9). The backcross breeding method has been useful develop- 
ing early varieties such Valnorth’ and Meteor (9) but their fruit size 
not adequate. 

Although economically important hybrids and varieties are available 
result these breeding methods larger fruit size combined with earlier 
maturity required. The most promising approach, indicated pre- 
viously (8), appears combination improvement these characters 
backcross breeding. Briggs and Allard (1) suggested the usefulness 
the backcross the improvement quantitative characters incre- 
mental basis. Powers (4) predicted its value for building improved 
strains for breeding. 

The objective co-operative breeding program Western Canada 
was arbitrarily directed toward the development tomato with fruit 
averaging 200 grams more and maturing approximately days. 


MATERIALS AND METHODS 
The backcross breeding program this study was conducted co- 
operatively nine research institutions located two general climatic 
zones the Prairie Provinces and the Northwest Territories. Four co- 
operators the southern zone, 100-mile wide area adjacent the 


Canada-United States border, selected superior plant types from the 
1Contribution No. from the Experimental Farm, Research Branch, Canada Agriculture, Morden, 
an 


Dept. Horticulture, Cornell University, Ithaca, N.Y. Private correspondence. 
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320 


FRUIT WEIGHT GRAMS 


MATURITY DAYS 


Scatter diagram fruit weight and maturity data for progeny the 
(Earlinorth Morden BB3) Morden BB3 tomato backcross used for selecting pur- 
poses. Selection ultimately resulted the Morden breeding line shown Table 


(Earlinorth Morden BB3) Morden BB3 backcross. Tomatoes 
medium-season maturity ripen satisfactorily most localities this zone. 
Five co-operators located the northern zone, area comprising the 
remainder the general Prairie and northern regions, obtained superior 
selections from the early-maturing (Earlinorth Morden BB3) Earlinorth 
backcross. Only early-ripening tomatoes are satisfactory this zone. 

The varieties used for breeding represented desirable fruit size and 
maturity types. Morden BB3, the large-fruited variety, averaged 220 grams 
per fruit and matured days from transplanting the field. 
the early-ripening variety, was small-fruited, averaged grams per fruit, 
and matured days. 

the first year following backcrossing, 500 plants were grown 
each breeding line for selection purposes. Subsequently this number was 


280 
260 
240 
e 
e e 
e \ 
e 
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reduced 250 plants per line. Each selected plant represented potential 
breeding line. 

When selecting, the earliest-maturing plants were marked first 
and the day that three fruits located near the centre each plant 
began assume normal colour change from green ripe red. Accord- 
ingly, maturity data comprised the number days from the date the 
plants were transplanted the field until the change ripe fruit colour 
began. The mean gram weight from the three largest tomatoes each 
plant was obtained next and used index fruit size. The maturity 
and fruit weight data were combined and plotted graph, correlation 
rectangle, shown Figure The four largest-fruited, earliest-maturing 

lants indicated the data were chosen. Other plant characters were 
ignored while selecting. line drawn from the upper left the lower 
right corner the rectangle helped recognize quickly the data repre- 
senting preferred plants. Data were taken for fruit fasciation because 
appeared that this character affected the expression fruit size particular. 
These data were obtained scoring fruit surface conformation basis 
using whole and part integers. Increasing values indicated more 
roughness. 

separate test was conducted Morden 1959 provide estimate 
the heritability fruit size and maturity the Earlinorth Morden 
BB3 cross. The parents Earlinorth and Morden BB3 
and generations were grown plots with replications and 
plants per plot. The plots consisted plot each the non- 
segregating generations, namely, and each the backcross 
generations and plots the Estimates heritability interpreted 
selecting potential were obtained applying the formula suggested 
Warner (11) the data: 

represents the calculated variance the segregating generations 
indicated. 


and represent the backcrosses and respectively. 


second test Morden 1959 consisted the parent varieties and 
superior breeding lines developed the two climatic zones. These 
were grown plant plots replicated times lattice design. 
Fruit size, maturity and fasciation data were obtained individually from 
all plants each plot. Duncan’s Multiple Range Test (6) was applied 
determine the significance mean differences between the parents and 
breeding lines. 


RESULTS 
Heritability 
The estimates heritability the Earlinorth Morden BB3 cross 
were 40.53 per cent for fruit size and 37.38 per cent for maturity. These 
values representing relative genetic variation this study were accepted 
indication fair good possibilities. This supported 
data obtained for the two characters from the breeding line test. 
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TABLE MEAN FRUIT WEIGHT, MATURITY AND FASCIATION FOR BACKCROSS 
BREEDING LINES AND THEIR RECURRENT PARENT VARIETIES 


Mean fruit weight Mean maturity Mean fasciation 
Breeding 

line Inclusive Inclusive Inclusive 

parent Grams groups! Days groups! Score groups! 
Morden 318.8 75.8 fgh 3.9 
Morden 300.7 72.5 3.9 
Morden 254.0 76.7 3.1 cdef 
Morden 248.7 76.9 3.0 defg 
Morden 244.9 74.7 fgh 3.1 cde 
Brandon 280.4 72.0 3.9 
Indian Head 192.8 72.1 2.3 
MORDEN BB3 220.9 def 78.6 2.4 
Kenville 170.9 64.8 abcd 2.4 
Kenville 133.8 ijk 61.8 2.6 hij 
Melfort 162.6 63.4 abc cde 
Melfort 142.1 hij 63.8 abc 2.8 efgh 
Melfort 115.1 64.9 bed ghij 
Beaverlodge 144.3 hij 67.5 2.4 
Beaverlodge 116.6 66.3 cde fghij 
Fort Simpson 107.5 2.6 ghij 


groups the level Duncan’s multiple range test. the mean breed- 


ing line parent not included group with the mean another breeding line, then 
they differ significantly. 


Fruit Size 

Five the breeding lines selected the southern zone had signifi- 
cantly greater fruit size than Morden BB3 (Table 1). This was somewhat 
less than the number lines which fruit size was smaller than that 
the recurrent parent. 

Eight the eleven lines selected the northern zone were significantly 
larger-fruited than Earlinorth. These also indicated marked progress 
fruit size improvement. 


Maturity 


the test for early fruit maturity nine southern zone breeding lines 
were significantly earlier and three were equal Morden BB3 (Table 
column 4). This implied distinct improvement early fruit ripening. 

The maturity the breeding lines developed the northern zone 
also showed significant advances breeding. Four lines were earlier and 
seven were equal Earlinorth. These results are pertinent because the 
difficulty developing tomato strains early earlier than this variety. 
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Fruit Weight and Maturity Combined 

The evaluation the two characters individually has indicated 
superior performance most the breeding lines developed the co- 
operative breeding program. However, view the combination im- 
provement aspect this work, was even more notable find some 
breeding lines superior their respective recurrent parent both charac- 
ters. The Morden and Brandon lines had fruit size 44.33 and 26.95 
per cent greater and maturity and days earlier, respectively, than 
Morden BB3. Also, Melfort was 57.05 per cent and Kenville was 
117.15 per cent larger-fruited than Earlinorth although they were equal 
maturity. 
Fasciation 

The mean fruit conformation fasciation scores for the parents and 
the breeding lines (Table column indicate the effect produced 
when this character ignored while selecting primarily for large fruit 
size and early maturity. Most the breeding lines were more fasciated 
than the parents. Higher scores for this character corresponded greater 
fruit size and later maturity some breeding lines. coefficient 
.774** was obtained for the fasciation-fruit size association and .484* for 
fasciation-maturity data. 


DISCUSSION AND CONCLUSION 

The basic concern the plant breeder working with any genetic 
population whether has sufficient genotypic variance justify breeding 
and selection. The success selecting for fruit size and maturity 
the co-operative backcross breeding program this study depends the 
degree which environmental factors mask genetic variation. 

The backcrossing work the co-operative program was subjected 
the impact strong environmental effects thus suppressing selection 
superior fruit size and maturity genotypes. The most effective selection 
work was accomplished eastern areas the Prairie Provinces where 
greater accumulation seasonal heat units was recorded. 

Heritability 

rule, low heritability the result strong environmental effects. 
Limited environmental effects favour high heritability values. According 
Sprague (7) low heritability not necessarily indication 
cient additive variance. The heritability values 40.53 per cent for fruit 
size and 37.38 per cent for maturity obtained from the Earlinorth Morden 
BB3 cross indicated, the author’s opinion, worthwhile selection poten- 
superior performance certain breeding lines comparison 
with their respective recurrent parent varieties supports this opinion. 
Fruit Size and Maturity 

The relationship these characters each other inheritance has 
been studied Peirce and Currence (3). When selecting for fruit size 
tomatoes, they found that progeny performance for this character alone 
was effectively improved. The fruit ripened later result. Conversely, 
selecting for greater earliness improved progeny performance this 
character and fruit size decreased. 
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Combination improvement the application relatively equal selec- 
tion pressure large fruit size and early maturity the use correlated 
data, this study, resulted improved progeny performance both 
characters the same time. Breeding lines such Morden and Bran- 
don that were larger-fruited, earlier-maturing than the Morden BB3 
parent are typical examples this effect. 

Partial dominance for small fruit size and early maturity tomatoes 
has been reported Lindstrom (2) and others (5). this respect 
noteworthy that Kenville which had fruit size 117.15 per cent greater 
than Earlinorth and early maturity equal it, was selected from the back- 
cross which this small-fruited, early variety was the recurrent parent. 
The recessive large-fruit-size genes from Morden BB3 were supplied once 
only this backcross. The possibility that genes contributing large 
fruit size may have been supplied has not been indicated 
any the author’s data. The best opportunity for selecting large-fruited 
genotypes occurred the backcross which Morden BB3 served the 
recurrent parent. The double contribution genes controlling large fruit 
size from BB3 and the dominant early maturity genes from Earlinorth 
provided excellent, selecting opportunity. However, the smaller per- 
centage gains fruit size the breeding lines, such Morden com- 
pared with Kenville may indicate the attainment maximum fruit size 
beyond which further increases may difficult obtain. The data from 
the large-fruited southern lines suggest that, spite dominance for 
early maturity, may more difficult improve this character than 
that fruit size. This may have been due, these lines, suppressing 
effect the fasciation gene maturity indicated the low correlation 
coefficient for maturity-fasciation data (Table columns and 6). 

The occurrence large tomatoes southern zone breeding lines 
and northern lines was, general, credited the incremental accumula- 
tion effects produced genes directly controlling large fruit size 
development. This basic the backcross breeding method. However, 
the accumulation was not expected surpass the fruit size potential 
the Morden BB3 variety. possible contributing effect large fruit 
development noted the significant correlation for fruit size-fasciation 
data (Table columns and 6). This effect was not consistent for all 
breeding lines. Also, fasciation the Earlinorth Morden BB3 cross 
controlled one gene according the author’s data. Its effect fruit 
size following one backcross was, therefore, not considered very 
marked. 

The efficacy the backcross breeding method for improving large- 
fruited, early-maturing tomato characters indicated the favourable 
breeding lines developed the co-operative breeding program. The select- 
ing procedure applied essential part this method served significantly 
obtaining genotypes that embraced varied pool genes which con- 
tributed directly and indirectly the enhancement the desired 
characters. 


7 


CANADIAN JOURNAL PLANT SCIENCE 


ACKNOWLEDGEMENTS 


The author, the project leader the co-operative tomato breeding 
project reported here, acknowledges the important contributions this 
mental Farms Brandon, Manitoba; Indian Head, Melfort and Swift 
Current, Saskatchewan; Lacombe and Beaverlodge, Alberta, and Fort 
Simpson, Northwest Territories, respectively. This also includes 
Loat, operator the Illustration Station, Kenville, Manitoba, and the as- 
sistance Chubey analysing the data. 


REFERENCES 

Briggs, N., and Allard. The current status the backcross method 
plant breeding. Agron. 1953. 

Lindstrom, Hereditary correlation size and color character tomatoes. 
Iowa Agr. Sta. Bull. 93. 1926. 

Peirce, C., and Currence. The efficiency selecting for earliness, yield 
and fruit size tomato cross. Proc. Amer. Soc. Hort. Sci. 73:294-304. 1959. 

Powers, LeRoy. quantitative characters crosses involving two 
species Lycopersicon. Agr. Research 63:149-174. 1941. 

Rick, M., and Butler. Cytogenetics the tomato. Advances Genetics 
8:267-382. 1956. 

Tests significance. Process. Publ. Can. Dept. Agr., Ortawa. 

Sprague, Problems the estimation and utilization genetic variability. 
Cold Spring Harbor Symp. Quant. Biol. 20, pp. 87-92. 1955. 

Walkof, application the doub!e backcross breeding method tomato 
improvement. 14th Rept. Intern. Hort. Congr., Netherlands, pp. 252-259. 1955. 

Walkof, Vegetable hybrids and varieties developed and introduced the 
Experimental Station, Morden, Manitoba, from 1944 1951 inclusive. Process. 
Publ. Can. Dept. Agr., 1952. 


10. Warner, method estimating heritability. Agron. 44:427-430. 1952. 


METEOROLOGICAL METHOD CALCULATING THE 
IRRIGATION REQUIREMENT THE CANNING 
TOMATO 
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ABSTRACT 


The value and method application the Black Bellani plate atmometer 
for estimation the requirement the tomato canning crop was 
studied between 1955 and 1958 the Smithfield Substation. This method 
was shown equal superior value other methods estimating 
irrigation requirements, including the Plaster Paris soil moisture block. 
The method was tested comparison with soil moisture block procedures 
over 2-year period and soil moisture deficit and yield results the two 
methods compared. The details the method used are outlined and sug- 
gestions made for further refinement application the data. 


INTRODUCTION 

Considerable effort has been expended the past the effect 
quantity irrigation the yield the tomato crop. Increased costs 
production have necessitated the improvement the more haphazard 
methods used estimating irrigation requirement, including the 
the soil surface, the feel the soil few inches below the surface, the 
application water the calendar and whenever predetermined quan- 
tity rain was not received set period (3, These procedures 
should replaced more precise methods estimating actual water 
requirements the crop. 

The development practical soil moisture meter Bouyoucos 
(1, makes possible one approach. Discussing the advantages and disad- 
vantages this equipment Eastwell (4) points out that above 
2.8 the absorbent block was the only reliable situ method then available 
for the measurement soil moisture tension. The measuring portion 
the equipment is, however, expensive and the cost would warranted only 
where large number measuring points are required. Even the labour 
take the measurements problem since many duplicate readings are 
required. 

Since weather factors affect growth and water requirements, attempts 
have been made estimate irrigation needs from meteorological data. 
Penman (6) developed equation which relates the potential water re- 
quirement the crop relative humidity, wind velocity, air temperature 
and solar energy. When such evapotranspiration values are balanced against 
the moisture-holding capacity the soil and rainfall, estimates the 
available soil moisture and the irrigation requirement can made. 
these procedures are very definite improvement, the difficulty obtaining 
the needed data and the complexity the necessary calculations limits 

1Joint contribution from the Plant Research Institute (Contribution No. 29), and the Genetics 
and Plant Breeding Institute (Contribution No. 11), Research Branch, Canada Department Agri- 
culture, Ottawa, Ont. 
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their widespread adoption. Thornthwaite (9) developed 
equation for evapotranspiration based temperature and daylength which 
has been used with varying success estimate irrigation requirement 
survey scale. Procedures based routine meteorological data are more 
suitable for wide areas than for individual farms. 


more significant advance the application estimates evapo- 
transpiration irrigation found the studies Robertson and Holmes 
(5, who based the estimation evapotranspiration from crop 
the evaporation from the Black Bellani plate. Robertson showed 
that daily latent evaporation significantly correlated with mean daily 
temperature, average wind speed, total solar energy and average vapour 
pressure deficit. comparative study very close correlation +0.9) 
was shown between the theoretical results calculated from the Penman 
equation and the daily latent evaporation from the Bellani plate. This re- 
lationship would suggest that the instrument would valuable estimating 
crop irrigation requirements. 


The objectives the studies reported here were the evaluation 
some the methods estimation irrigation requirements and the de- 
velopment simple, relatively inexpensive technique applicable the 
canning tomato crop the Smithfield area. 


METHODS 

From 1955 1958 inclusive replicated irrigation field trials were con- 
ducted the Smithfield Horticultural Substation using the Ferguson tomato 
variety planted rows feet apart with plants feet apart within the row. 
1955 and 1956 treatments applied were: unirrigated; the application 
inch water every rainless days; and the application 
inch water when the Bouyoucos moisture block 6-inch 
depth indicated less than per cent available moisture using model 351 
Bouyoucos soil moisture meter which calibrated read per cent 
available moisture. this instrument zero reading approximates the 
wilting point and reading 100 approximates the field capacity soil 
with average salt content (1). further inch was.added the block 
inches failed respond within hours the initial application. 
these trials, plots were feet feet and irrigation was applied 
using perforated 4-inch pipe which under 30-pound pump pressure de- 
livered three-quarter inches water per hour. 

1957 and 1958 Treatment above, was replaced modification 
the Robertson procedure (7) using the Black Bellani plate. Plots were 
feet feet with 10-foot headland. circular area feet 
diameter was irrigated using specially designed precision plot irrigator. 
Details this equipment will published elsewhere. 

Seasonal soil moisture trends were followed using data from Bouyoucos 
soil moisture blocks centrally located each plot depths 
and inches. The blocks were set out the plant row midway between 
two plants. Readings were taken least three times weekly. The soil 
field capacity was calculated each year from the bulk density the soil 
and the percentage soil moisture content the top inches soil 
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mid-May days after heavy rain. this time was considered that 
natural drainage had time effective and the soil was field capacity. 
The permanent wilting point the soil was determined from drying curves 
soil samples taken and inches. The percentage moisture 
these samples, when they indicated per cent available moisture the 
Bouyoucos soil moisture meter, and the bulk density the soil were used 
determine the inches water per foot soil the permanent wilting 
point. The total available moisture was calculated the difference be- 
tween field capacity and permanent wilting point expressed inches 
water per foot soil. 

Meteorological data, including rainfall and mean daily temperatures, 
were obtained from standard instruments. Latent evaporation measure- 
ments were obtained from the Black Bellani plate installation shown 
Figure and described Robertson (7). Daily readings latent 
evaporation from duplicate atmometers were converted potential evapo- 
transpiration using factor .0034 in./cc. (5). 

Per cent ground shaded from the sun the tomato plants was 
determined weekly. Assuming that negligible amount evaporation 
took place from the dry soil surface, the factor 0.0034 in./cc. suggested 
Holmes and Robertson (5) was multiplied this percentage and this 
corrected factor used obtain better estimate actual evapotranspiration 
from the crop. 

Yield measured the weight marketable fruit suitable for canning 
produced 1/100 acre plots includes all fruit harvested before the first 
killing frost. 


RESULTS AND DISCUSSION 
The Horticultural Substation Smithfield, Ontario, moisture- 
deficit area. Although total inches rain falls from April 
September inclusive, soil moisture deficits calculated the Thornthwaite 
procedure (9) indicated average deficit inches water during 
this period. Approximately per cent the seasonal moisture deficit 
occurs during the period most rapid growth from July August 15. 


STUDIES CONDUCTED 1955 AND 1956 

Yield data Table indicated that both years irrigation applications 
based the use the Bouyoucos block significantly increased yields. 
Also, both years, tomato yields from plots irrigated every rainless 
days were significantly lower than yields from Treatment even though 
approximately equal total amounts water were applied the two pro- 
cedures. 1955 the Bouyoucos blocks indicated that, inches, soil 
moisture all plots was least per cent total available moisture 
field capacity until July 10. Treatment had required four applications 
water this date. early and apparently unnecessary irrigation 
applications, together with the failure Treatment indicate suffi- 
ciently high water requirement between July and August 10, reduced 
yields. The yield reduction was probably due the inability roots 
developed under early moist conditions support the plants during the 
drought period. similar result 1956, season with relatively high 
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TABLE 1.— COMPARISON THE MOISTURE BLOCK PROCEDURE AND RULE- 
OF-THUMB PROCEDURE ESTIMATION IRRIGATION REQUIREMENTS THE YIELD AND 
THE ESTIMATED IRRIGATION REQUIREMENT THE CANNING TOMATO CROP 1955-1956 


Inches water 
Marketable yields added 
Irrigation treatment 


1955 1956 1955 1956 


inches inches 
6.3 


Check 

Irrigation every rainless days 9.0 22:4 1.63 
Irrigation indicated moisture blocks 14.6 26.2 1.05 
L.S.D. P.05 4.6 3.4 


TABLE CORRELATION BETWEEN SOIL MOISTURE DEFICITS CALCULATED FROM Bouyoucos 
BLOCK VALUES AND FROM BELLANI PLATE DATA TWO PROCEDURES FOR ULY AND AUGUST, 
1956 


soil moisture deficit 
Irrigation treatment 


Holmes and Corrected for 

Robertson ground cover 
Check 0.693 0.949 
Irrigation every rainless days 0.443 0.835 
Irrigation indicated moisture blocks 0.446 0.811 
All data 0.557 0.849 


rainfall May and June, clearly indicates the inadequacy attempting 
estimate irrigation without giving due consideration soil moisture. 


1955 soil moisture deficits were calculated three ways: the 
Thornthwaite equation; from Bellani plate data, and from Bouyoucos 
plaster block data using the equation: 

Soil moisture deficit available water) 
100 
where available water field capacity, the difference inches 
water per foot soil between the field and the permanent wilting 
point and per cent available moisture the Bouyoucos meter reading 
block 6-inch depth. examination these data indicated that 
the coefficient correlation between accumulated soil moisture deficits 
calculated from Bellani and Bouyoucos data was highly significant 
The coefficient correlation between accumulated deficits 
calculated from Thornthwaite and Bouyoucos data was not high 
+.423) but was significant. The closer relationship using the Bellani 
data probably due the ability this instrument respond several 
meteorological factors while the Thornthwaite equation considers primarily 
temperature and daylength but fails consider relative humidity, solar 
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BELLANI 


2 

(HOLMES 
AND ROBERTSON 

— 

Ww 

CHECK (1) BOUYOUCOS (3) 


JULY AUGUST JULY AUGUST 


Ficure Soil moisture deficits calculated from Bouyoucos soil moisture data and 
from Bellani plate data two methods for unirrigated area (1) and irrigated 
area (3) during the 1957 season. 


energy and air movement. closeness the correlation +.5199) 
between determinations the daily soil moisture deficit the Bellani 
and Thornthwaite method calculation was considerably improved 
separating those days with average winds above m.p.h. +.7370) and 
those with less than m.p.h. average winds +.6707). For the same 
Thornthwaite deficit the Bellani deficit was shown from per 
cent higher windy days. From these results can concluded that 
this area, which subject drying winds, the Thornthwaite method 
calculating soil moisture deficits not reliable. 

The 1956 data Table indicates that, although the relationships 
between soil moisture deficits calculated from Bouyoucos readings and from 
Bellani readings using factor .0034 (5) are highly significant, further 
improvement would desirable. discussing water losses from areas 
planted crops only partially covering the ground, Robertson (7) pointed 
out that when the soil surface wet the potential evapotranspiration will 
equal evaporation from soil surface plus transpiration. the other hand, 
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when the soil surface dry the evaporation will extremely low and 
the total potential evapotranspiration will proportional plant density. 
seemed probable, therefore, that the daily potential evapotranspiration 
calculated from Robertson’s formula corrected that fraction the 
surface covered the tomato crop would permit the determination 
more accurate water balance. When corrected this manner the soil 
deficits showed much improved correlation with deficits calculated from 
Bouyoucos blocks indicated Table The seasonal trends soil 
moisture deficits calculated from Bouyoucos data and from Bellani plate 
data both procedures are shown Figure for Treatments and 
the 1956 trial. The plots the seasonal trends indicate that potential 
evapotranspiration calculated from Bellani readings using the factor 
.0034 not give realistic soil deficit whereas evapotranspiration 
multiplied value equal the fraction the ground covered the 
foliage gives deficits close agreement with those obtained from Bouyoucos 
soil moisture values. Such close agreement would justify the use per cent 
ground cover correction the Holmes and Robertson method 
establishing soil moisture deficits and permit more accurate method 
estimating tomato irrigation requirements. 


STUDIES CONDUCTED 1957 AND 1958 
Modified Robertson Procedure for Estimation Irrigation Requirement 
Readings taken daily rain gauge and duplicate Black Bellani 
plates are entered the form shown Table together with the current 
average per cent ground cover. conversion table shown Table 


TABLE EVAPOTRANSPIRATION VALUES FOR SELECTED GROUP BELLANI PLATE 
READINGS, AND PER CENT GROUND COVER VALUES. VALUES ARE BASED AVERAGE 
BELLANI CUP CONSTANT 0.93 


Black 


Per cent ground cover 
Bellani 
plate 
002 003 005 006 .008 010 013 014 016 
003 006 010 013 .016 019 022 025 028 032 
005 010 014 019 024 028 033 038 043 047 
006 013 019 025 .032 038 044 051 057 063 
008 016 024 032 .040 047 055 063 071 079 
010 019 028 038 .047 057 066 076 085 095 
022 033 044 .055 066 078 089 100 111 
013 025 038 051 .063 076 089 101 114 126 
014 028 043 057 .071 085 100 114 128 142 
016 032 048 063 .079 095 111 126 142 158 
017 035 052 070 .087 104 122 139 157 174 
019 038 057 076 .095 114 133 152 171 190 
021 041 062 082 .103 123 144 164 185 205 
022 .044 .066 .089 .111 .133 .155 .177 .199 .221 
024 .047 .071 .095 .119 .142 .166 .190 .213 .237 
025 051 076 101 .127 152 177 202 228 253 
027 054 081 108 .134 161 188 215 242 269 
028 057 085 114 .142 171 199 228 256 284 
030 060 090 120 .150 180 210 240 270 300 


T 
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TABLE THE FORM USED FOR CALCULATION SOIL MOISTURE BUDGET WITH SAMPLE 
CALCULATIONS FOR THE MONTHS JULY AND 1958 


SMITHFIELD May 15, 1958 
TREATMENT: BELLANI METHOD Available Soil Moisture 
Field Capacity 2.04 


Soil moisture 


balance 
Corrected 
Latent Per Bellani 
Date Rainfall evapor. cover deficit Deficit Surplus Irrigation 
1958 inches inches inches inches inches 


used convert cubic centimetres water lost daily from Bellani plates 
corrected evapotranspiration value. The corrected daily deficits are 
entered the form and soil moisture balance maintained. shown 
the sample sheet the deficit allowed increase until approximates 
per cent the moisture available the surface foot soil field 
capacity before irrigation applied. 


Yield Results 

The data Table show that the yields obtained 1957 and 1958 
were significantly increased when water was applied using either method 
estimating the requirement. difference yield could shown be- 
tween the two methods and the minor differences the amount water 
applied had apparent yield effect. These results suggest that either 
method satisfactory for estimation irrigation requirement the can- 
ning tomato crop this moisture-deficit area. 
Soil Moisture Deficit Results 

addition the similar effects yield the close agreement 
moisture-deficit values and seasonal trends the soil moisture balance 
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TABLE EFFECT THE METHOD AND MODIFICATION HOLMES AND 
ROBERTSON’S APPLICATION BELLANI PLATE EVAPORATION DATA THE YIELD AND 
ESTIMATED IRRIGATION REQUIREMENTS THE TOMATO CANNING CROP 1957-1958 


Yield tomatoes Inches water added 
Irrigation treatment 


1957 1958 1957 1958 
tons/ac. inches inches 
Check 11.9 13.2 
Corrected Bellani plate method 15.1 3.0 3.97 
Bouyoucos soil moisture block method 26.9 4.93 


TABLE RELATIONSHIPS BETWEEN AND BELLANI SOIL MOISTURE DEFICITS 
UNDER THREE IRRIGATION TREATMENTS 1957-1958 


Irrigation 
1957 Uncorrected for wet soil 
All data -161 6.907 
1958 Uncorrected for wet soil 
6904 1.064 212 
All data 1.0455 10.778 
1958 Corrected for wet soil 
1.0533 .146 7.214 
All data 1.1370 12.096 


1Treatment Numbers refer check, corrected Bellani plate method, and Bouyoucos 
soil moisture block method, respectively 


the two procedures important. The correlation coefficients given 
Table show highly significant relationship between moisture deficits 
calculated the corrected Bellani procedure and the Bouyoucos procedure 
under all treatments both years. Except for Treatment satis- 
factory agreement between theoretical regression coefficient 1.0 and 
the calculated regression coefficients particularly when all data each year 
are considered. Only the data for Treatment 1957 failed result 
significant regression coefficient. Equations relating the two sets data 
are follows: 


where and are the soil moisture deficits the modified Bellani and 
the Bouyoucos procedures respectively. 


3 = 
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example the close agreement the soil moisture trends shown 
for the months July and August 1958 Figure The dry period 
between July and August clearly indicated the rainfall pattern 
and the Bouyoucos and Bellani procedures for estimation soil moisture 
deficits the unirrigated plots. The difference estimated irrigation 
requirement the two procedures resulted from the failure the cor- 
rected Bellani procedure indicate sufficiently large moisture deficit 
mid-July. this instance yields were not reduced because rains re- 
ceived July and 18. Lack agreement between the two procedures 
during this early period probably due, part, failure give 
sufficient consideration the calculation evaporation from wet soil 
which probably equivalent evapotranspiration from area with 
100 per cent ground cover. This correction can made assuming that 
the day and the day following rain least 0.1 inch evapotrans- 
piration equivalent that from area with 100 per cent ground cover. 
The 1958 Bellani data corrected this manner indicate irrigation re- 
quirement July and the correlation and regression coefficients the 
deficit for the three treatments and the complete data are considerably 
improved, indicated Table The incorporation such modifica- 
tion into these procedures would permit more accurate estimate soil 
moisture deficit during the early part the season. 


The results these studies indicate that satisfactory estimates soil 
moisture basis irrigation requirement can made from data collected 
from either the Bouyoucos soil moisture block the black Bellani plate. 
The relatively low cost the Bellani equipment and the simplicity the 
calculations necessary would seem justify the application the pro- 
cedure commercial practice. 
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ABSTRACT 


Sawdust, straw, compost and manure were applied under dryland condi- 
tions strawberry plantings two locations. The effects yield, leaf 
nutrient content, soil moisture, soil acidity and soil organic matter content 
were evaluated. Sawdust mulch and sawdust incorporation, the former 
being slightly better, produced highly significant increased yields over the 
check treatment and were superior all other treatments. Soil moisture 
measurements showed that the sawdust treatments conserved soil moisture 
and this was regarded the chief reason for the increased yields. The 
nitrogen, phosphorus, potassium, calcium and magnesium contents leaves 
were affected somewhat the treatments but the levels were considered 
adequate all cases. 


Soil acidity was significantly increased the sawdust plots but this was 
attributed the additional nitrogen applied rather than the sawdust 
per se. Sawdust incorporation, manure and compost treatments signifi- 
cantly increased soil organic matter content when compared the check 
treatment. 


INTRODUCTION 
Strawberry production commercially important the Saanich 
Peninsula, Vancouver Island, British Columbia. Production limited 
the well-drained, sandy loam soils. These soils have low moisture-holding 
capacities and low organic matter contents. 


Harris (7) found that mulching with hemlock sawdust was beneficial 
strawberries. Bollen and (2) reported that Douglas fir sawdust had 
direct toxic effect plants. Turk (15) attributed the detrimental 
effect plant growth the lack nitrates, caused mixing sawdust 
with the soil. stated that nitrogen added sufficient quantities would 
overcome this effect. 


Wander and Gowrley (17) showed that straw mulches increased the 
the soil slightly. Lattimer and Percival (9) reported that hay, saw- 
dust and seaweed mulches had effect soil pH. Bollen and (2) 
reported that Douglas fir sawdust had little effect soil pH. Nitrogen 
applied with the sawdust offset soil nitrogen depressive effects, however, 
can have effect soil pH. Abruna (1) reported that was lowered 
applications ammonium nitrate cultivated soil and markedly 
lowered applications ammonium sulphate. 

Sanderson (13) reported that 10-inch moisture deficit exists 
Vancouver Island during the summer months. Soil moisture conservation 
and irrigation are, therefore, important, although water supplies for irri- 
gation are limited. 


Officer, Experimental Farm, Research Branch, Canada Department Agriculture, 
Saanichton, B.C.; present address Department Soil Science, University Alberta, Edmonton, 


January, WEBSTER—SAWDUST, COMPOST, FOR STRAWBERRIES 


Research workers (6, 12) have reported that mulches conserve soil 
moisture; however, the degree which soil must dry before plant growth 
yield becomes adversely affected still open question. Salter (14) 
reported that growth and yield tomatoes were markedly affected 
various water-regimes with maximum growth and yield obtained when soil 
moisture content was kept the region field capacity. stated that 
growth and yield were progressively reduced when 35, and per cent 
the available moisture had been removed from the soil depth 
centimetres prior irrigation. 


Bould and Catlow (3) determined the effects various fertilizer 
treatments the growth, yield and nutrient content the Climax straw- 
berry variety. They suggested threshold values for nitrogen, phosphorus 
and potassium the leaf tissue. Rennie (11) reported that increased up- 
take phosphate fertilizer occurred the amount nitrogen applied 
the soil was increased. 


earlier experiments (19) Vancouver Island, brambles, cherries 
and pears benefited from hay and sawdust mulches. Furthermore, over 
10-year period, strawberries failed to. respond inorganic fertilizers con- 
taining nitrogen, phosphorus and potassium. Growers have applied manure, 
compost and straw strawberry plantings effort increase pro- 
duction. the experiment conducted the writer these three materials, 
well sawdust mulch, sawdust incorporation and check treatment, 
were evaluated for their effects strawberry production. These materials 
have been used other workers indicated the literature review but 
reference could found where all were evaluated under similar en- 
vironmental conditions. Another objective was study the effects 
these treatments plant nutrient content and soil properties, including 
moisture content, pH, base saturation and organic matter content. 


MATERIALS AND METHODS 

The experiment was located Tolmie gravelly loam-Merville 
gravelly loam soil (Location during 1952-54, and Dashwood gravelly 
loam-Shawnigan sandy loam soil (Location during 
Latin square design was used with each plot having area 270 square 
feet. The plant spacing was inches between rows and inches within 
rows, giving population British Sovereign strawberry plants per 

plot 9,678 plants per acre. The treatments were follows: 
Sawdust Mulch. 2.5-inch sawdust mulch was applied the commencement 
each The sawdust was mixture hemlock and Douglas fir, product 
being sold extensively Vancouver Island for agricultural use. Ammonium nitrate 


was broadcast 150 pounds per acre each year offset any depressive effect that 
the mulch might have soil nitrogen. 


Sawdust Incorporation. One inch sawdust was applied and rotovated into the 
soil depth four inches each spring for the first years. Ammonium nitrate 
was applied 180 pounds per acre-inch sawdust incorporated the first year, the 
rate being reduced one-half each succeeding year. 


Straw. Cut straw tons per acre and ammonium nitrate Treatment 
were applied each spring. 


Compost. Compost was applied cubic yards per acre each spring. 
Manure. Cow manure was applied cubic yards per acre each spring. 
Check. organic material fertilizer was added. 
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Yields and plant stands were recorded for each plot and maturity, 
firmness and keeping quality were rated. Leaf samples were taken ac- 
cordance with technique outlined Bould and Catlow (3). One new 
leaf (blade plus petiole), fully expanded but not senescent, was selected 
from each plants every plot. These leaves were collected when 
the first formed fruits became ripe. Field capacity measurements were 
made covering the soil, subsequent complete wetting the profile, 
with squares tar-paper prevent evaporation and then 
sampled various depths hours later. Wilting point measurements 
were made desiccator method (10). All moisture samples were oven- 
dried 105°C. Bulk densities for the 6-inch, 12-inch, and 
15- 18-inch depths were made utilizing 3-inch brass cylinder 
designed remove undisturbed section soil. Soil base saturation was 
determined the Brown method (4) and soil electrometrically, using 
1:1 soil water ratio. Soil organic matter was determined wet com- 
bustion (16). Plant analyses included total organic and ammoniacal nitro- 
gen the Kjeldahl method and total potassium, phosphorus, and 
magnesium the Ward and Johnston method (18). 


RESULTS AND DISCUSSION 
Yields 


The yields (Table were much higher Location than Loca- 
tion largely because the soil the former had more suitable winter 
drainage. both locations the sawdust mulch and sawdust incorporation 
treatments gave, except for one year, significantly increased yields over 
the check and were superior all other treatments. Manure produced 
significantly higher yields than the check for 1953 and 1954 only. Straw 
and compost produced significantly higher yields than the check 1954 
only. The treatments produced essentially the same trend for plant vigour 
for yield. The conclusions drawn from the yield data (Table have 
very important implications particularly for dryland farming Vancouver 
Island. 


TABLE 1, — EFFECT OF TREATMENTS ON THE YIELD OF STRAWBERRIES EXPRESSED IN TONS 
PER ACRE AT TWO LOCATIONS 


Location Location 
Treatment 1952 1953 1954 1955 1956 1957 
-5. Manure 2.89 2.99* 4.32 4.68 
Check 2.26 |2.94 2.09 4.96 4.80 


**Significant the per cent level 
Significant the per cent level 
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Keeping Quality 

Sample lots fruit from the sawdust mulch and check plots were 
stored room temperature and cold storage. Berries from both treat- 
ments stored satisfactorily and gave almost identical results. 


Soil Moisture 

1953 soil samples were taken for moisture analysis point half-wa 
between plants within the row. was reasoned that various depths this 
location would determine the moisture content the rootzone. The 
precipitation for the months May August 1953 inclusive totalled 
3.66 inches and the mean temperature was 58.7°F. The corresponding 
40-year values were 3.67 inches and 59.1°F. respectively, indicating that 
the 1953 season was similar the long-term average. 

Soil moisture data for the sawdust mulch and check plots are depicted 
Figure The data for the 15- 18-inch depth are not shown they 
were similar those for the 12-inch depth. Data for the sawdust 
incorporation plots are not illustrated they were similar those for the 
mulch plots. 1951, 1952 and 1953 the sawdust had been incorporated 
shallow depth inches and 1953 many respects acted 
mulch. The results for the straw, compost and manure were similar 
those for the check. 

The soil moisture content the 6-inch depth was much lower 
the check plots (Figure than the mulch plots although the trend 
was similar for both treatments. Depths were measured from the surface 
the soil sawdust mulch. August the mulched soil still had 
per cent its available moisture, whereas the soil the check plots 
had only per cent and, September 14, only per cent. The differ- 
ence between the two treatments was even more marked the 
12-inch depth (Figure 1). the mulched plots the soil moisture this 
depth never went below per cent its available content, whereas the 
check plots reached per cent August 14. The difference soil 
moisture content between the mulched and check plots was much more 
marked than that reported other workers (6, 12). The conservation 
soil moisture the sawdust treatments (Figure was regarded the 
chief reason for the increased yields (Table 1). 

Plant Analyses 

Leaves from the sawdust mulch and sawdust incorporation plots had 
significantly higher nitrogen contents than those from the check plots 
(Table 2). Straw and manure also produced higher nitrogen contents than 
the check but lower level significance. The additional nitrogen 
added the sawdust treatments probably was responsible for relatively 
high nitrogen content the foliage. The straw treatment also received 
additional nitrogen but had less effect the tissue content probably 
because soil moisture was too limiting. Compost had effect the 
foliage nitrogen content. Bould and Catlow (3) reported for the Climax 
variety optimum 2.33 per cent nitrogen and minimum 2.10 per 
cent. All values Table were above the minimum and only two less 
than the optimum for nitrogen content. 
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TABLE TREATMENTS THE NITROGEN, PHOSPHORUS, POTASSIUM, MAGNESIUM 
AND CALCIUM CONTENTS STRAWBERRY LEAVES (1956-57 AVERAGES) 


Treatments Nitrogen Potassium |Magnesium| Calcium 
Sawdust mulch 0.27* 1.45 0.31 0.78 
Sawdust incorporation 0.29** 1.46 0.33 0.74* 
Straw 2.40* 0.24 1.43 0.33 0.85 
Compost 2.26 0.25 1.46 0.34 0.84 
Manure 0.27* 1.80** 0.33 0.87 
Check 0.25 1.29 0.34 0.85 


**Significant the per cent level 
Significant the per cent level 


TABLE 3.— EFFECT TREATMENTS SOIL ORGANIC MATTER, AND PER CENT BASE 
SATURATION DASHWOOD GRAVELLY LOAM-SHAWNIGAN SANDY LOAM SOIL 
1956-57 AVERAGES) 


Organic Base 
Treatments matter saturation 

Sawdust mulch 4.13 
Straw 4.36 60.2** 
Compost 4.64* 80.8* 
Check 3.66 75.4 


**Significant the per cent level 
Significant the per cent level 


The sawdust incorporation treatment produced the highest foliage 
nitrogen content and also the highest phosphorus content. This relation- 
ship agreement with Rennie (11) who reported that nitrogen increased 
phosphorus uptake. Sawdust mulch and manure also significantly increased 
the leaf phosphorus content when compared the leaves from the check 
plants. Manure was the only treatment that significantly increased the 
potassium content the foliage. Phosphorus and potassium were con- 
siderably higher than the threshold values reported Bould and Catlow 
(3). Magnesium content was not significantly affected the treatments. 
Calcium was significantly lower plants from the sawdust incorporation 
plots than plants from the check plots. Magnesium and calcium were 
also considered adequate, based levels obtained the author (5) 
for strawberries grown various fertility experiments. 


Soil Organic Matter, Soil pH, Soil Base Saturation 

For the years 1956-57 (Location sawdust incorporation and manure 
treatments produced highly significant increased soil organic matter con- 
tents compared the check (Table 3). Compost also produced signi- 
ficant increase but lesser degree. Sawdust mulch and straw had 
significant effect although trend toward increased soil organic matter 
content was suggested. 
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Sawdust mulch, sawdust incorporation and straw treatments produced 
highly significant lower and base saturation values than the check 
treatment (Table 3). This increased acidity was attributed the am- 
monium nitrate applied offset nitrogen depressive effects rather than 
the materials per se. This agreement with the results reported 
Abruna (1). Workers (2, reported that sawdust itself had little effect 
soil pH. The increased acidity the sawdust incorporation plots 
from applying ammonium nitrate apparently significantly lowered the 
calcium content the leaves (Table 2). Compost and manure significantly 
increased soil and base saturation compared the check treatment. 
The effect the treatments was less pronounced base saturation than 
soil pH. 
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THE INFLUENCE CALCIUM AND MAGNESIUM SUPPLY 
NECTAR PRODUCTION RED CLOVER 
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ABSTRACT 

The effect nectar production factorial combinations three 
levels each calcium and magnesium, comprising ninefold variation 
concentration, was studied red clover and snapdragon. Plants were 
sand and the essential elements supplied daily sub-irrigation. 

ectar secretion red clover was comparatively sensitive the avail- 
ability calcium and magnesium, the best factorial combination (inter- 
mediate calcium and high magnestum) producing almost twice much 
nectar per unit inflorescence weight the poorest (low calcium and 
low magnesium). Nectar production was not correlated with vegetative 
growth flower production. Inter-treatment variation was less extreme 
snapdragon. one crop the combination high calcium and high 
magnesium, which supported the best growth and flower production, also 
gave the best nectar yield; another crop the lowest level calcium, 
sub-optimal for growth, produced the most nectar. The effects nutrition 
secretion were not related the influence pH, which was constant, 
the content calcium, magnesium, nitrogen, phosphorus, 
potassium the red clover snapdragon shoots. 

INTRODUCTION 

Good nectar flows have been reported for plants growing calcareous 
soils. what extent they are due high plant content calcium 
(and/or magnesium), effects the uptake other elements via the 
nectar species with calcareous habitats, has not been shown. Carlisle and 
Ryle (3) noted increase nectar production field plots red clover 
with liming, although the initial soil reaction was close neutrality. Oertel 
(7) was unable find any correlation between soil 
secretion white clover the southern United States. and 
Maurizio (5) found effect magnesium manuring nectar secretion 
rape field plots. The literature the effects other elements 
nectar yield, and the physiology secretion, has been reviewed else- 
where (2, 12). 

the present study nectar secretion has been measured plants 
supplied with calcium and magnesium various levels. expedient 
relate effects mineral nutrition secretion growth (9, 11, 12), 
data plant weights and flower production have been included. Con- 
centrations the plant tissue calcium, magnesium, nitrogen, phosphorus, 
and potassium have been determined. The latter three elements were in- 
cluded the analyses because the quantity taken the plant may vary 
with the concentrations calcium and magnesium the culture solution 


(6, 8). 
MATERIALS AND METHODS 
clonal population red clover (Trifolium L.) and 
plants Wintergreen hybrid snapdragon (Antirrhinum majus L.) provided 
the Apiculture Department, Ontario Agricultural College, Guelph, Ont. The 


SS herein was part of the program of the Legume and’ Tree Fruit Research Committees 
tario. 
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material comparatively low genetic variability. The greenhouse 
which the plants were kept was equipped with automatic steam valves and 
automatic venting which maintained night temperatures within few 
degrees 65°F. Fluctuation day temperatures during warm weather 
was reduced careful manual control vents and whitewashing the 
exterior. 

Plants were grown pure silica sand glazed 
subirrigated daily with solutions containing all essential mineral elements. 
Each crock accommodated one red clover two snapdragon plants. 
Cultural methods have already been described detail (12). 


Composition Mineral Solutions 

Nutritional treatments included all combinations each three levels 
calcium and magnesium. For red clover the following concentrations 
calcium and magnesium (parts per million the culture solution) were 
used: Ca, 40, 120, Cas 360; 18.3, Mg: 55, Mgs 165. 
Four plants were included each treatment. Solutions containing the 
highest concentration calcium caused physiological wilting snap- 
dragon, and the Cas concentration was therefore reduced 270 p.p.m. 
the first snapdragon experiment. The concentration magnesium the 
groups was changed 135 p.p.m. the same time. the second 
snapdragon experiment the following concentrations calcium and mag- 
nesium were employed: Ca, 30, 90, Cas 270; 15, Mg: 45, 
and Mg; 135, parts per million. Eight snapdragon plants were used 
each treatment. 

Nitrogen was present all solutions p.p.m., half the nitrate 
and half the ammonium form, phosphorus p.p.m., and 
potassium and 156 p.p.m. Boron, zinc, manganese, 
copper, molybdenum, and iron (as ferric tartrate) were added all solu- 
tions concentrations 0.45, 0.05, 0.6, 0.02, 0.04 and 1.7 p.p.m., respec- 
tively. Distilled water was used throughout and pH’s were adjusted 
6.0 6.2 for red clover, and 6.4 6.6 for snapdragon with additions 
NaOH and HCl. avoid depletion salts, solutions were 
changed weekly; between changes they were kept their initial volume 
with additions distilled water. 

the ninefold variation concentration the cations under study 
involved concomitant variation their accompanying anions, certain 
amount unwanted inter-treatment variation either the concentrations 
specific elements the total salt concentration and osmotic pressure, 
was unavoidable. compromise was therefore effected. Variation 
osmotic pressure was kept within per cent adding appropriate 
amounts NaCl solutions low total salts. Variation 
concentration chlorine and sulphur was reduced supplying calcium 
pending the concentration chlorine and sulphur before the addition 
Chlorine varied from 354 460 p.p.m. the red clover solutions and from 
265 376 p.p.m. the snapdragon solutions. Sulphur varied from 224 
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377 p.p.m. the red clover solutions, and from 235 360 p.p.m. the 
snapdragon solutions. Sodium varied from 207 495 p.p.m. for red clover, 
and from 156 446 p.p.m. for snapdragon. Previous data had indicated 
that variability these elements this order magnitude had ap- 
preciable effect nectar yields (12). 


Nectar Measurement 


The inflorescence was taken the sampling unit. Mature inflo- 
rescences were collected each several mornings and the nectar was 
extracted volumetrically centrifugation (13). Sugar concentrations 
were read the sugar scale Abbé refractometer. The latter 
measurement only reasonable approximation, the nectar both red 
clover and snapdragon contains glucose and fructose addition sucrose 
(14). Weights nectar sugar were derived from volume and concentra- 
tion data. The following nectar data are presented the tables: 


(1) For Red Clover Sugar concentration nectar and weight nectar sugar 
per flower head, and estimated weight sugar per plant. The latter quantity 
the product mean sugar per head and mean number heads per plant. 
Although not amenable statistical evaluation, individual plants were not 
identified nectar sampling, rough index the value the plant 
nectar producer. Volume nectar and weight nectar sugar are also 
reported the basis gram-head-weight, indices nectar production 
individual florets. The weight the flower head closely correlated with 
the number florets (10). are more convenient than floret counts 
when large numbers flowers are assayed. 


For Snapdragon Weight nectar sugar per flower, and estimated weight 
sugar per plant. relatively large surface area snapdragon nectar 
exposed the atmosphere, and changes resulting from evaporation were 
found mask treatment effects volume and concentration. Sugar weights 
are not affected loss water from the nectar. 


Growth Data 
Weights tops and roots and numbers inflorescence are recorded 
the tables. 


Mineral Analyses Shoots 

When nectar sampling had been completed plant tops were dried 
hot air blast (12), ground, and further dried 100°C. oven pre- 
paration for chemical analyses. Standard methods preparation and 
analysis were followed (1). Nitrogen was determined the 
method, phosphorus the gravimetric method for total phosphoric acid, 
and potassium flame photometry. Calcium was determined titration 
with and magnesium gravimetrically weighing the pyro- 
Platinum crucibles were found necessary for magnesium 
analyses snapdragon tissue because slag formation during ignition 
porcelain crucibles. 

When analyses duplicate ashings did not agree satisfactorily, addi- 
tional determinations were made and standard errors means calculated. 


Statistical Evaluation Data 


Treatment differences and factorial effects nectar secretion, growth 
and flower production were analysed analysis variance (4). 


3 
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RESULTS AND DISCUSSION 


Calcium and magnesium contents the plant shoots appear Table 
Although the tissue content these elements varied directly with their 
external concentration, the total variation was much less than that en- 
countered previous experiments with nitrogen, phosphorus, and potassium 
supplied similar external concentrations (12). high concentration 
calcium depressed magnesium uptake, and lesser extent the reverse was 
also true. consistent pattern variation nitrogen, phosphorus, 
potassium was evident. 


Nectar Production 


Red Clover Data for red clover are presented Table The 
average weight nectar sugar per flower head the highest-yielding 
group, was more than twice that the lowest, and 
The relative order nectar production per plant was the same that for 
individual heads. noted that there one reversal position: 


22.6 1135 
Ca,Mg, 26.7 1122 


Inter-treatment differences flower number fell short significance. 


The large difference between the highest and lowest nectar producers 
was due part treatment effects inflorescence weight (and floret 
number). Calculation nectar volumes and sugar weights gram- 
head-weight basis reduced the range inter-treatment variation. The 
quantity nectar per unit head weight (expressed either volume 
weight sugar) was influenced both the absolute and relative amounts 
calcium and magnesium. Both the calcium quadratic-magnesium linear 
and the calcium linear-magnesium quadratic interactions were significant. 
The trends may summarized follows: the level the intermediate 
level magnesium was best, whereas the and Cas levels nectar in- 
creased with increasing supply magnesium. the lowest level 
supply magnesium, nectar yield increased the supply calcium was 
increased. the intermediate and high levels magnesium, the inter- 
mediate level calcium was best. 

Variation between treatments the concentration sugar the 
nectar followed complex pattern, and was not high order. 

Nectar production was not correlated with any parameter plant 
growth, although root weights and inflorescence weights were affected 
nutritional treatment. correlation was evident between nectar yield 
and tissue content any the five elements analysed. 

The weather was sunny during the secretory period and likely 


that the observed effects calcium and magnesium secretion were close 
the maximal. 


Snapdragon 


Winter Crop the first snapdragon crop (Table the quantity 
nectar secreted per flower was again function both calcium and 
magnesium supply. The interaction the linear calcium and the quadratic 
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TABLE GROWTH AND NECTAR PRODUCTION SNAPDRAGON THREE 
LEVELS EACH CALCIUM AND MAGNESIUM—DECEMBER 1958 


Estimated 
Treatment Fresh Air-dry Number Nectar nectar 
weight weight flowers sugar per sugar per 
shoots roots per plant flower plant 
48.0 0.91 36.1 3.06 1085 
Ca; 47.8 0.78 35.0 2.67 945 
Mgs 46.8 0.83 33.3 2.89 960 
Mgi 47.9 0.65 31.6 2.68 847 
47.4 0.72 34.2 2.41 823 
Mgs 0.72 34.7 2.66 921 
Cas 45.7 1.15 34.2 3.42 1170 
Ca; 0.85 36.6 2.33 851 
Cas Mgs 0.75 41.0 3.74 1535 
Standard 
errors 
means 1.83 0.064 0.060 
<0.05 <0.001 <0.001 <0.001 


‘P’ values for significant factorial effects weight nectar sugar per flower 
Mgq <0.001; Ca,, Mg, <0.01 


*Probability chance occurrence similar inter-treatment variation 


magnesium effects was highly significant. the low and high levels 
magnesium the intermediate level calcium supported the poorest nectar 
yield; the intermediate level magnesium, increase calcium above 
the lowest level reduced secretion. ‘The negative quadratic effect mag- 
nesium all levels calcium puzzling. The best factorial combination, 
Cas produced about per cent more nectar than the poorest, 
Mg: and and also supported the best shoot growth and flower 
production. The estimated plant yield nectar was considerably higher 
for the treatment than for any other. Aside from the 
treatment there was little variation shoot weight flower production. 


Spring Crop the second crop snapdragons (Table variation 
nectar yield was less marked, due perhaps limitations imposed the 
cloudy weather persisting over most the sampling period. Interactions 
were less marked than before although the Ca: Mg, effect was significant 
the per cent level. The linear effect calcium was most important. 
Average per flower yield nectar was best the lowest level calcium, 
which was sub-optimal for shoot growth. Variation estimated yield per 
plant was much less than the other experiments. 

The variability the magnitude and pattern the calcium and 
magnesium effects nectar secretion over the three experiments precludes 
any generalization the most favourable conditions calcium and 
magnesiurn nutrition for nectar production. red clover, nectar secretion 
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TABLE 4.—PLANT GROWTH AND NECTAR PRODUCTION SNAPDRAGON THREE 
LEVELS EACH CALCIUM AND 1959 


Estimated 
Treatment Fresh Air-dry Number Nectar nectar 
weight weight flowers sugar per sugar per 
shoots roots per plant flower plant 
gm. gm. mg. mg. 
33.2 0.92 35.3 2.69 948 
Mge 36.4 0.92 34.2 2.71 925 
0.87 32.8 2.69 881 
37.2 0.80 34.4 2.61 898 
Caz 34.0 0.81 32.2 2.30 740 
Mgs 34.5 0.97 34.8 2.65 921 
Cas 38.3 1.00 34.8 2.52 875 
42.1 0.84 38.6 2.14 826 
Cas Mgs 40.9 0.97 35.0 2.43 848 
Standard 
errors 
means 0.034 2.05 0.101 
<0.05 <0.05 >0.05 <0.001 


‘P’ values for significant factorial effects weight nectar sugar per flower 
<0.001; Mg, <0.01; Mg, <0.05 


*Probability chance occurrence similar inter-treatment variation 


appeared unrelated vegetative growth the number flowers 
produced. the first group snapdragons, high level both elements 
produced the largest plants, the most flowers, and the most nectar per 
flower; the second group low level calcium, which was limiting 
shoot growth, gave the best nectar yields. 

While the data provide positive information the physiology 
the influence nectar secretion calcium and magnesium, they in- 
dicate that not related pH, antagonistic action the 
uptake the other major elements. 
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ABSTRACT 


Factors affecting germination, emergence, and early growth Festuca 
scabrella, Danthonia parryi, and Bromus pumpellianus were studied the 
germinator greenhouse. Germination parryi was not affected 
differentially temperatures ranging from 55°F. 85°F. scabrella 
germinated best 65°F. and pumpellianus 75° 85°F. Percentage 
germination scabrella was inhibited wet-cold treatment and 
solution prepared from partially decomposed litter. Shallow seeding was 
found offer the best opportunity for seedling establishment. Fewest 
seedlings survived where competition was greatest, when seeds were 
broadcast the surface rapidly-growing, established sod. This treat- 
ment produced the least vigorous seedlings measured tiller rhizome 
numbers, dry matter yields, and root and leaf lengths. 

depth-of-litter study involving scabrella, the depth litter 
increased, the percentage emergence seedlings decreased. Seedlings con- 
tinued emerge for 85-day period from all except shallow (4-inch) 
litter depths seeding. 

Six square-foot sods obtained mid-June, 1958, from Festuca prairie 
excellent condition were dissected the laboratory. Numbers and loca- 
tions seedlings were recorded and showed that the same trends existed 
the prairie were detected the greenhouse experiments. The 
cumulative results the studies suggested that seed and seedling mortality 
the grasses studied was considerable magnitude. 


INTRODUCTION 

There are apparently two contrasting views the importance seed 
set and subsequent dispersal ripe seed the maintenance native grass 
stands. For example, has become tenet range management that the 
production occasional large, viable seed crop necessary order 
maintain native grass stand strong, vigorous condition. This has 
been pointed out Sampson (13) and Stoddart and Smith (15), particu- 
larly relation their discussions various types rotational grazing 
systems. Ellison (4) has suggested that the presence seedlings may 
used determine the recent history species and may provide clues 
the maintenance that species stand. contrast this view, 
Robertson and Pearse (11) have discussed the “closed community” concept 
which holds that established stands vegetation are not readily invaded 
and that mass invasion, without opening the community external 
means, nearly impossible. Blake (1) has stated that “the prairie 
closed formation” and points out that, the prairie, seedlings find estab- 
lishment difficult. Simpson and Moore (14) have reported that, while the 
possibilities indigenous species for use depleted rangelands have been 
suggested frequently, the general experience has been that few plants, 
regardless species, establish from broadcast seedings. study 
Dianthus prolifer and Verbascum thapsus, Salisbury (12) noted seedling 
mortality from per cent and states that mortality plants 
almost entirely feature the juvenile stage. points out that, 
theoretical grounds and over long period time, for every parent plant 
that perishes only one offspring will survive. 


from the Forage Crops Section. 
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Germination and early growth grasses have been studied numer- 
ous investigators (1, 10, Glendening (5) found that litter enhanced 
the chances new plants establish themselves through natural repro- 
duction from seeds. Hopkins (6) also has discussed the importance 
natural mulch, particularly relation soil temperatures and soil moisture 
content. 

effort reconcile the contrasting views mentioned above, series 
experiments were started the greenhouse 1957. Purposes the 
study were determine the viability seed three native grasses 
germination tests; follow the early growth the seedlings produced 
under variety conditions comparable those found the field; 
determine the effects various depths litter emergence and early 
development; and relate the results greenhouse experiments field 
conditions. 

METHODS 

Three native grasses, Festuca scabrella Torr., Danthonia parryi 
and Bromus pumpellianus Scribn., were selected for the study. The two 
former species are co-dominants the faciation the 
Festuca scabrella association (3, 8). The latter minor species within 
the association but may locally abundant, particularly disturbed sites. 
Seed each species was collected during August and September the 
Range Experiment Substation, Stavely, located the Porcupine Hills 
southwestern Alberta. Seeds were stored 45°F. and were utilized 
germinator and greenhouse tests within months the collection 
date. hard seeds were selected for the study. 

The results number germinator and greenhouse experiments and 
some field observations are reported herein. fall into four general 
groups follows: 


Germinator Tests 

series germinator tests were conducted with scabrella, parryi, 
and pumpellianus. These were conducted Manglesdorf germinator 
temperatures 55°F., 65°F., 75°F., and 85°F. The effects several 
seed treatments the germination scabrella and parryi were 
studied. One hundred seeds the species concerned were placed 
folded paper towel and kept moist daily waterings. Counts were made 
daily intervals for 3-week period following initial germination. 
Germination and Early Growth under Various Conditions 

Eight-inch unglazed earthenware pots filled with 60:40 mixture 
loam and sand were used all treatments. This pot size was selected 
because observations indicated that 100 seeds scattered the soil surface 
gave density seeding comparable that obtained result natural 
seed dissemination better-than-average seed year. attempt 
simulate some the conditions that would encountered the field, 
the following treatments were devised: 


Unclipped sods obtained early November from range excellent condition 
were trimmed 8-inch diameter and inches deep and transplanted into 
pots. The sods were allowed become established, after which 100 seeds were 
scattered the surface. each experiment, sods and seeds were the 
same species. 


™ 
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One hundred seeds were scattered top 2-inch layer litter that had 
previously been placed the soil surface. 


One hundred seeds were scattered the soil surface and were covered 
2-inch layer litter. 


One hundred seeds were broadcast the soil surface. 
One hundred seeds were sown }-inch deep. 


Effects Various Depths Litter Emergence and 
Early Development 
The effects various depths litter single species, Festuca 
scabrella, were studied. earthenware pots and 60:40 mixture 
loam and sand were used. Treatments were follows: 
One hundred seeds were broadcast the soil surface and were 


One hundred seeds were broadcast litter layers 


inch and were covered inch litter; 
inch and were covered inch litter; 
inches and were covered inches litter. 


Field Observations 

mid-June, 1958, six square-foot sods were obtained from native 
prairie excellent condition that was dominated scabrella. These 
sods were dissected under magnification. Numbers and location 
scabrella seedlings, both dead and living, were recorded and ungerminated 
seeds the species were collected. 

Plant litter refers the dead, but undecomposed, vegetative material 
present the surface the soil. may separate from, attached 
to, the parent plant. this study, the litter used any experiment was 
obtained from sites dominated the grass species concerned. The 
material was steam-sterilized for hours prior use ensure freedom 
from seeds. 


all germinator greenhouse experiments, treatments were replicated 
four six times randomized block. colour code, utilizing plastic 
“Party-Pics”, was used sections and above, identify emerging 
seedlings individually 10-day intervals during the 3-month growth period. 
Greenhouse temperatures varied from high 75°F. during the day 
55°F. night. day length hours was maintained throughout. All 
treatments received light, frequent waterings during the course the 
experiment. 

RESULTS 
Germinator Tests 

The effects temperature the percentage germination 
scabrella, parryi, and pumpellianus are shown Table The 
optimum germination temperature scabrella appeared 65°F. 
although seed the species germinated readily 55°F. and 75°F. 
Germination percentages parryi were generally low and did not 
appear affected differentially the temperatures used the study. 
pumpellianus germinated best temperatures 75° and 85°F. There 
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TABLE 1.—PERCENTAGE GERMINATION, AND Days INITIAL GERMINATION, 
THREE RANGE GRASSES TEMPERATURES 
(AVERAGE REPLICATES) 


Festuca scabrella Danthonia parryi Bromus pumpellianus 
65° 5.0 4.2 7.0 


TABLE 2.—EFFECT THREE SEED TREATMENTS THE PERCENTAGE 
GERMINATION Festuca scabrella AND Danthonia parryi 


Treatment Festuca scabrella Danthonia parryi 
Untreated 


were differences between species the time required for initial germination, 
scabrella germinating most rapidly 65°F., pumpellianus 75°F. 
and parryi 85°F. 

The effects several seed treatments the germination scabrella 
and parryi were studied. Data obtained are shown Table Ata 
temperature 55°F. the percentage germination scabrella and 
parryi were significantly reduced the result treatment 
which involved soaking the seed water for hours and then holding 
5°F. for hours prior being placed the germinator. Percentage 
germination parryi was also reduced holding the dry 
seed 5°F. for hours prior being placed the germinator. These 
results were interest since moderate days with melting snow, followed 
freezing night-time temperatures, are frequently encountered the 
Porcupine Hills during the spring months. Such conditions might ex- 
pected significantly affect the germination both species rangeland. 


Germination and Early Growth under Various Conditions 


Perhaps the most interesting result the study was that some seeds 
germinated, and the resulting seedlings grew and persisted throughout the 
study period, under all treatments. These treatments ranged from seeds 
broadcast, seeds sown deep, seeds broadcast the surface 


litter layer, seeds broadcast and covered 2-inch litter layer, 


seeds broadcast the surface rapidly-growing, established sod. The 
latter illustrated Figure since the treatment seemed provide the 
most difficult micro-environment for seedling establishment. average 
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43.8 seeds germinated, and 24.7 seedlings survived for 3-month study 
period, within the scabrella plant shown. The relative positions occupied 
some these seedlings are indicated the figure. average 23.3 
seedlings developed the interspace surrounding the mature plant. These 
locations are referred “Within plants” and “Interspace” Tables 
and 

least one investigator has noted that the crowns plants provide 
conditions suitable for seedling establishment. Campbell (2), discussing 
the invasion, crested wheatgrass (Agropyron cristatum), stand 
intermediate wheatgrass (Agropyron intermedium) that had been gradually 
winter-killed, states: “As the stand intermediate wheatgrass decreased, 
the field was invaded crested wheatgrass from nearby seed sources. The 
interesting point about the invasion was that the crested wheatgrass de- 
veloped the dead dying crowns the intermediate wheatgrass. This 
invasion and establishment preserved the pattern, that the field had the 
appearance crested wheatgrass field seeded 12-inch rows”. 


Table shows the percentage germination and percentage survival 
after 3-month growth period, the three grasses influenced 
variety conditions. previously mentioned, some seeds germinated 
and, with two exceptions, some seedlings persisted, throughout. These 
exceptions were the seeds scabrella and parryi that had been broad- 
cast the soil surface and covered 2-inch depth litter. the 
end the study period, seedlings had emerged, the then partially 
decomposed litter layers were removed from the soil and the surfaces were 
examined for evidence seeds. From identifiable seeds were 
recovered from each pot; all were partially nearly completely decom- 
posed; many had produced primary root inch long and 
depth substrata had seemingly prevented emergence, leachate was pre- 
pared suggested Nielsen al. (9) using the partially decomposed 
litter. This material and distilled water were used paired plot 
germination test with seed scabrella. Average germinations obtained 
were per cent where the leachate solution was used and per cent 
where the distilled water was used. These differences were significant 
and suggest that increasing depths litter exert inhibiting 
effect germination the species well offering physical barrier 
the emerging seedling. 

Seedling mortality between germination and the 3-months-old seedling 
stage varied with the treatment and with the species. Least seedling mor- 
tality was shown pumpellianus and varied from per cent survival 
developed seedlings “Within plants” per cent survival when sown 
%-inch deep. Highest seedling mortality was exhibited parryi, only 
per cent the developed seedlings being able survive “Within 
plants”, per cent where broadcast the soil surface, high 
per cent under shallow seeding. Survival scabrella seedlings was equal 
that pumpellianus except that only per cent the seedlings 
which developed survived plants”. these figures represent sur- 
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vival under presumably optimum growing conditions, likely that 
seedling mortality rangeland would considerably greater. 

Data are presented Table show the relative vigour exhibited 
seedlings the three grasses grown under variety conditions. Differ- 
ences vigour seedlings are clearly shown Figure 
least vigorous seedlings were those subjected the greatest degree com- 
petition, broadcast the surface established sod. This was 
reflected shorter root and top-growth, fewer tillers rhizomes, and 
lower yield dry matter per treatment. Highest dry matter yields were 
produced result shallow seeding, since this treatment had resulted 
the development more seedlings than any other. Seedlings produced 
result broadcasting the soil surface were well developed was 
shown tiller rhizome numbers. During the growth period, however, 
was noted that seedlings experienced difficulty rooting under this 
treatment. Many were anchored only single primary root for con- 
siderable period time and tended grow prostrate position. About 
per cent the seedlings produced all species exhibited this charac- 
teristic. the pot study, rooting gradually took place and vigorous plants 
resulted. doubtful this would have occurred rangeland the 
poorly anchored seedlings would have been highly susceptible the 
desiccating effects winds. 

The largest plants produced scabrella and pumpellianus were 
those grown top 2-inch litter layer. previously mentioned, there 
were indications that this material exerted inhibiting effect germina- 
tion scabrella. After seedling establishment, the effects litter 
appeared beneficial. Plants produced under this treatment were conspicu- 
ous because their rich green colour. this appeared due 
additional nitrogen, obtained from the decomposing litter, series 
nitrogen determinations were made the partially decomposed litter and 
samples the original material. Nitrogen content the partly de- 
composed litter was 1.10 per cent and that the undecomposed material 
was 1.72 per cent. These differences were significant 
and Arnold (7) have shown that portion the nitrogen contained 
vegetable crop residues may released and utilized the growing plant. 


Effects Various Depths Litter 

Emergence and Early Development 
Data are presented Table showing the percentage emergence, 
percentage survival, and average number days before emergence, 
scabrella seedlings grown under and between various depths litter. 
Two measurements seedling vigour are included. depth litter in- 
creased, the percentage emergence decreased. Emergence was considerably 
delayed with increasing depths litter, 41.7 days being required for 
seedlings emerge from the treatment which involved seeds broadcast 
litter layer and covered further inches litter. The 
roots only few seedlings had penetrated the soil surface the end 
the 3-month study period under this treatment. Seedlings continued 
emerge for 85-day period all treatments except those involving 
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TABLE 6.—NUMBERS AND LOCATION Festuca scabrella SEEDLINGS DISSECTED FROM 
Sops OBTAINED FROM PRAIRIE EXCELLENT CONDITION, 


1958 
Dead Alive 
Top 1-inch litter Top 1-inch litter 
Sod number interspaces Within plants interspaces Within plants 
Average 10.8 7.7 0.8 


seeds covered half-inch litter. Percentage survival emerged seed- 
lings was best shallow litter depths and poorest the treatment where 
seeds had been scattered the soil surface and covered inches 
litter. Only per cent the emerging seedlings survived throughout the 
3-month growth period this treatment. All surviving seedlings under 
all treatments had the characteristic dark-green colour found asso- 
ciated, this study, with litter plantings. 


Field Observations 


Data recorded result dissecting six square-foot sods are shown 
Table The sods were obtained from range excellent condition that 
was dominated scabrella. During dissection, identifiable seeds 
scabrella were collected and 124 seedlings located. Germination under 
field conditions, therefore, was the order per cent and 10.5 per cent 
the resulting seedlings survived mid-June. 
(Table obtained the greenhouse experiment were 70.2 per cent ger- 
mination and 48.0 per cent survival. The latter would represent survival 
over longer period time since weather conditions would not permit 
germination rangeland until late April early May. Seed collected 
was bulked and two 25-seed lots were used germination test. Average 
germination these seeds was only 6.5 per cent, suggesting that the carry- 
over viable scabrella seed from year year negligible. Gross 
numbers given Table should viewed light the fact that the 
seeding density used the greenhouse studies was approximately times 
that found the 1958 sods, 1957 having been poor seed year for 
scabrella the collection area. 


DISCUSSION 
recognized that conditions for plant growth the greenhouse are 


optimum, particularly since moisture stress and the effects 
widely fluctuating temperatures can minimized. The results this 
study, therefore, are not directly applicable rangeland.. They pro- 
vide relative comparison among several the variety conditions 


under which seedlings start growth the range. Thus, although con- 
ducted under optimum growing conditions, the cumulative results this 
study showed mortality range grasses high order. con- 
sidering scabrella, the species most thoroughly studied, the percentage 
germination was significantly reduced result soaking water fol- 
lowed exposure low temperature. This was comparable the 
conditions that would encountered field scale during the early 
spring months. reduced percentage germination was noted with in- 
creasing depths litter. Even with normal range carry-over, considerable 
quantities this material are deposited the surface after seed shattering 
each year and would expected further inhibit germination and prevent 
emergence. this may added the fact that viability seed the 
species did not exceed per cent and that there are myriad ways 
which seeds may destroyed between dissemination and opportunity for 
germination. The data showed that, even under greenhouse conditions, 
appreciable seedling mortality resulted from many the growth conditions 
studied. field observations indicated that mortality would much 
greater under the more rigorous conditions the range, would un- 
realistic expect many plants produced result natural seed 
dissemination. This lends support the “closed community” concept and 
re-emphasizes the statement Blake (1) that “on the prairie, seedlings 
find establishment 


the other hand, the results also show that, conditions are 
favourable, seeds have remarkable faculty being able germinate and 
the resulting seedlings grow and persist. can seen readily that the 
production occasional large, viable seed crop probably necessary 
order maintain native grass stand strong, vigorous condition. 
the production such seed crop would dependent upon light 
grazing, the opportunity afforded existing plants grow relatively un- 
molested during the season food storage would factor the 
maintenance vigorous stand. 
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GROWN SOUTHERN 
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ABSTRACT 

Studies the effect date seeding winter wheat Lethbridge, 
Alberta, during 5-year period showed that the optimum time for 
seeding dry land for maximum winter survival, yield, and bushel weight 
was from September September 15. There was rapid reduction 
winter survival and yield wheat seeded earlier later than this period. 
Maturity was delayed when winter wheat was seeded after the optimum 
time when stands were thinned winter 

irrigated land, years’ resu!ts indicated that the optimum date for 
seeding was similar that dry land, but seeding could delayed 
weeks without incurring serious losses from winter killing. Yield and 
bushel weight were highest for wheat seeded irrigated land during the 
first weeks September. 


INTRODUCTION 

Seeding appropriate time recognized important cultural 
practice for winter wheat production. southern Alberta the first 
weeks September have been considered, from general observation, the 
best time for seeding winter wheat, but little has been reported the 
effect date seeding winter survival and yield this area. 

Dates-of-seeding trials conducted Lethbridge, Alberta, from 1907 
1911 (3) indicated that higher yields were obtained when seeding was 
done near September than when done earlier later. data winter 
survival were presented for these early trials. 

Martin (7) found that, nine Great Plains stations, plants having 
abundant fall growth failed survive the winters well those having 
only two three leaves. Janssen (4) found, when testing six seeding dates 
from August October Wisconsin, that the least amount 
winter killing occurred winter wheat seeded September 21. 
found negative correlation between the amount winter killing and the 
yield grain for the years 1922 1924, inclusive. Slykhuis al. (8) 
reported that, Lethbridge, the incidence disease and yield per acre 
were closely associated with date seeding. Even the absence streak 
mosaic disease, yields were poor when seeding was delayed beyond Septem- 
ber Oklahoma, Locke and Mathews (6) found that delaying seeding 
from mid-September until mid-October resulted reduced yields winter 
wheat. Kiesselbach (5) found, when comparing winter wheat sown 
September and October Nebraska, that the latter yielded bushels 
less grain per acre and weighed 2.5 pounds less per bushel. Corns (1), 
working central Alberta and reporting only year’s data, showed that 
the vegetative yield Kharkov winter wheat just prior maturity was 
only two-thirds high when seeded September when seeded 
August 28. 


contribution from the Soils and Cereal Sections. 
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The purpose these experiments, carried for years, was 
determine the effect dates seeding winter survival, yield and bushel 
weight winter wheat grown southern Alberta. 


MATERIALS AND METHODS 

randomized block design with six replications was used test 
dates seeding winter wheat Lethbridge, Alberta, dry fallow 
from 1954 1958 and irrigated fallow from 1955 1958, inclusive. 
Except when weather conditions were unfavourable, seeding was done 
weekly intervals, beginning August August dry land and 
July August irrigated land. Kharkov MC, winter-hardy 
variety, and Jones Fife, less hardy variety, were seeded dry land, 
whereas only Kharkov was seeded irrigated land. 

dry land, field plots 120 feet were rod-weeded and then 
seeded with semi-deep-furrow hoe drill equipped with V-shaped packing 
wheels. The seed furrows, orientated east-west direction, were 
inches apart and about 2.5 inches deep. variety was sown rate 
bushel per acre and depth about inch below the soil surface 
the bottom the seed furrow. Prior sowing, all seed was treated 
with dual-purpose dust for fungus and wireworm control. Preliminary 
observations the emergence and stand were made each year prior the 
middle November. plots were treated with 2,4-D herbicide for weed 
control the same time the spring when crop damage was expected 
minimum. maturity the crop from area 100 feet was 
swathed from the middle each plot and then threshed with self- 
propelled combine for yield and bushel-weight determinations. 

irrigated land, 4-row plots 20.5 feet long were seeded with 
V-belt hand seeder rows spaced foot apart. Seeding was done 
rate 1.25 bushels per acre and depth about 1.5 inches below the 
soil surface. Plots were hoed for weed control necessary. maturity, 
plots were trimmed length 16.5 feet, and the middle two rows 
were harvested for yield and bushel-weight determinations. 

Winter-survival ratings, based visual estimates the percentage 
living and dead plants, were made all plots during May. The survival 
data presented are the averages ratings taken two observers. 

Data were subjected the analysis variance where applicable. 
establish the significance differences among means, the multiple range test 
described Duncan (2) was used. 


RESULTS 

Germination and Emergence 
Germination and fall emergence were good all years for all seedings 
all dates and including October Fall emergence wheat sown 
October was incomplete, and some years emergence did not 
occur until the following spring. Both varieties sown prior the end 
August usually produced tillers the fall. Typical stages fall 
development Kharkov seeded irrigated land each the 

dates are shown Figure 


q 


Typical stages fall development Kharkov winter wheat 
seeded weekly intervals from August October 18. (November 15, 1954). 
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Yield and percentage winter survival Kharkov winter wheat 
grown dry land affected date seeding. 


Winter Survival 


The effect date seeding winter survival and yield Kharkov 
Similar data for Kharkov grown irrigated land are shown 
Figure 
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Yield and percentage winter survival Jones Fife winter wheat grown 
dry land affected date seeding. 


dry land, differential winter killing Kharkov seeded 
dates occurred each the years (Figure 2). Killing was 
most severe the 1955-56 season and least severe 1957-58. many 
cases differences only week seeding date resulted large differences 
survival. several years wheat seeded the last date did not emerge 
the fall and, under these conditions, survived better than wheat that 
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had been seeded much weeks earlier. The average percentage 
winter survival was highest when seeding was done during the first weeks 
September. With each week delay advance seeding date there 
was progressive reduction survival. The only exception was for the 
latest seeding dates previously mentioned. 

The effect date seeding winter survival Jones Fife 
(Figure was similar that Kharkov MC. the years 
differential killing occurred Jones Fife seeded different dates. the 
other year (1955-56) this variety failed survive regardless date 
seeding. The best seeding date for Jones Fife for maximum survival was 
similar that found for Kharkov MC, and, likewise, there was pro- 
gressive decrease survival with each week delay advance seeding 
date. 

irrigated land (Figure winter killing was generally less severe 
than dry land. Severe differential winter killing occurred Kharkov 
1955-56 only, and the effect date seeding survival was 
similar that obtained dry land. 1956-57 and 1958-59 winter 
killing occurred only wheat seeded prior August 15. 1957-58 
there was winter killing. 


Yield 

The yield winter wheat affected date seeding was closely 
related percentage winter survival (Figures minor 
exceptions, highest yields were obtained when winter killing was minimum. 
There was significant difference between years the yield 
each variety. was also significant interaction between 
date seeding and years. Highest average yields for the years 
Kharkov dry land (Figure were obtained when seeding was 
done from August September 16. There was significant difference 
the per cent level (2) between the yields Kharkov sown 
different times during this period. With each week advance date 
seeding from August delay after September there was progressive 
reduction yield. This occurred even years when there was little 
differential winter killing (1957-58). 

Highest average yields Jones Fife dry land (Figure were 
obtained when seeding was done from August September There 
was significant difference the per cent level (2) between the yields 
wheat sown different times during this period. With each week 
advance seeding date from August delay after September there 
was reduction yield. 

The yields Kharkov grown irrigated land are shown 
Figure There were significant differences mean yields between dates 
seeding and between years, and there was also significant years dates 
interaction The latter indicated that the response date 
seeding was different some years. Highest average yields were obtained 
when seeding was done during the second week September, but these 
were not significantly higher than the yields from wheat seeded weeks 
earlier. Wheat seeded before August after September was lower 
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yield. earlier experiment (8) highest yield also was obtained from 
wheat seeded during the second week September. 
Maturity 

tabular data are presented the effect date seeding 
maturity, but was noted that both varieties, when seeded prior the 
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fourth week August, seldom matured earlier than when sown Sep- 
tember. Winter killing early-seeded wheat usually thinned stands and 
thereby may have reduced inter-plant competition sufficiently cause the 
noted delay maturity. Delayed maturity was observed also wheat 
that had been seeded during October. 


Bushel Weight 

The mean bushel weights cleaned grain from each the weekly 
seedings are given Tables and 

The mean bushel weight Kharkov harvested from the 
August September seedings dry land was significantly higher 
than that from earlier later seedings. The lowest 0.01) 
bushel weights were obtained from wheat seeded during the first week 
August after the last week September. The mean bushel weight 
Jones Fife harvested from the August September seeding was 
than that from all other seedings, but was not significantly higher than that 
from seeding done weeks earlier weeks later. When Jones Fife was 
seeded after the first week October, its mean bushel weight was signifi- 
cantly lower than when was seeded earlier date. The 
mean bushel weight Kharkov grown irrigated land was usually 
more affected date seeding than when grown dry land. The low 
bushel weight wheat seeded the later dates was probably due later 
maturity and, consequently, greater development both leaf and stem 
rusts. Highest average bushel weights were obtained from wheat seeded 
during the last weeks August and the first weeks September. 
When winter killing was severe (1955-56), highest average bushel weights 
were obtained from wheat that had been seeded during the first week 
September. 


DISCUSSION 


The data presented herein show that winter hardiness winter wheat 
was greatly intluenced date seeding. The optimum time for seeding 
came within relatively narrow limits. dry land Lethbridge the 
optimum time was during the first weeks September, with rapid re- 
ductions winter hardiness with each week advance delay date 
seeding. irrigated land Lethbridge winter killing was generally less 
severe, and, the average, date seeding could delayed until the third 
fourth week September without incurring serious increase winter 
killing. the foothills area southern Alberta, where the mean tem- 
peratures are lower and the growing seasons shorter than Lethbridge, 
may advantageous seed winter wheat during the last week August 
provided there danger streak mosaic infection. 


Differences yield wheat seeded different dates were closel 
associated with differences winter survival. However, dry land, 
even years little winter killing, there were sharp reductions yield 
wheat seeded earlier later than the optimum period. Similar results 
were obtained some years irrigated land. addition, seeding 
early August has been shown result higher incidence root rot (8). 
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Wheat seeded later than the optimum period had fewer tillers and suffered 
more from wind damage and weed competition. irrigated land, winter 
wheat that was seeded late that was delayed maturity because 
reduced stands from winter killing often became seriously infected with 
rust. Yield and bushel weight grain from such infected plants were low. 


has been shown (8) that delayed seeding effective means 
reducing streak mosaic damage winter wheat. However, evident 
from the results presented herein that this delay cannot safely extended 
beyond September southern Alberta without incurring serious re- 
duction stand and yield and some reduction bushel weight. 


The rapid reduction winter survival date seeding advanced 
from the optimum date significance winter wheat breeding. 
evident that, after plants the varieties studied reached certain age, 
their inherent winter hardiness was reduced rapidly. The development 
varieties able withstand this adverse effect early seeding would reduce 
average losses from winter killing. 
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AND INOCULATION WITH RHIZOBIUM MELILOTI 
THE GROWTH SWEET CLOVER 
(MELILOTUS ALBA DESR.)* 

Canada Department Agriculture 
[Received for publication May 24, 1960] 


ABSTRACT 

Sweet clover (Melilotus alba Desr.) pot culture was grown with and 
without applied sulphur and nitrogen fertilization, and with and without 
inoculation with meliloti. The nitrogen was applied 
NH,NO, rates equivalent 100, 200, 300 and 400 pounds per acre. 
Inoculated plants treated with sulphur contained significantly higher per- 
centage nitrogen than sulphur-deficient plants, provided NH,NO, did not 
exceed the 100-pound rate. This condition was reversed when NH,NO, 
was applied the 400-pound rate. These data indicate 
deficiency restricts growth through its effects the nutrition the host 
legume, rather than through the stimulation nodule bacteria. 

With applied sulphur but NH,NO,, inoculated plants fixed the equi- 
valent 164 pounds nitrogen per 75-day growing period. 
Application NH,NO, depressed fixation and nodulation. 

INTRODUCTION 

known that applications sulphur sulphur-deficient soils will 
very substantially increase the growth legumes. number investi- 
gators (4, have suggested that this marked effect sulphates 
leguminous plants due largely stimulation the nodule bacteria. 
the other hand, results obtained Anderson and Spencer (1) suggest 
that the restricted growth clover low sulphur levels due 
deficiency sulphur the host legume, rather than ineffective symbiotic 
nitrogen fixation. 

This report presents the results study which sweet clover plants 
were grown with and without applied sulphur, and with and without 
applied nitrogen. One the major objectives the study was confirm 
the actual role sulphur legume nutrition. The principal differences 
between the current experiment and those other investigators (1, 
are that uninoculated well inoculated sweet clover was included 
the test, and several different rates nitrogen were applied. 


MATERIALS AND METHODS 
Ordinary glass jars with fluid capacity 128 ounces were used 
containers. Vermiculite plus nutrient solution containing nitrogen 
sulphur were added all jars. Further additions nutrient solution were 
made throughout the growth period about 2-week intervals. The 
nutrient solution was prepared from reagent grade chemicals mixed the 
following proportions: KCl 5.0; 5.0; MgCl. 2.5; 
2.5; 2.5; and 2.5 grams. This mixture salts was ground 
mortar and used the rate 1.5 grams per litre distilled water. 
addition, trace elements were included the following concentrations: 
1Part thesis submitted the Graduate School, University Saskatchewan, the senior 
author, in partial fulfilment of the requirements for the degree of Master of Science. 


*Graduate Student, University Saskatchewan; formerly Agricultural Research Officer, 
mental Farm, Smithers, British Columbia. 


Forage Crops Section, Canada Department Agriculture, Research Station, Saskatoon, 
Saskatchewan. 
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Four sweet clover plants Melilotus alba (variety Arctic) were 
established per jar. Seedlings were inoculated with Rhizobium meliloti, 
Wisconsin strain 141, where symbiosis with nodule bacteria was required. 
Sterile solutions sulphur and nitrogen fertilizer were applied weekly 
intervals for weeks. Sulphur fertilization was provided treating with 
supply total milligrams sulphur per jar. Treatments 
that did not receive were provided with ensure equivalent 
amounts potash throughout the test. Nitrogen the rates shown 
Table was supplied ammonium nitrate. These rates nitrogen are 
equivalent 100, 200, 300 and 400 pounds per acre. 

Treatments were arranged completely random design green- 
house compartment maintained average 75°F. Supplemental 
lighting was supplied cool white fluorescent tubes when needed main- 
tain 14-hour day. 

Other details the technique that were used prevent contamination 
from outside sources nodule bacteria, both the course setting 
and maintaining the experiment, have been described previously (2). The 
green portions the plants were harvested October days from 
date planting. Dry matter yields and total nitrogen contents the 
top growth were determined sampling from air-dried material. The 
samples were dried constant weight oven operated 105°C. 
Nitrogen analyses were obtained with micro-Kjeldahl unit, using pro- 
cedure similar that followed the Department Soil Science, Uni- 
versity Saskatchewan (10). However, 0.5 grams salicylic acid and 
grams sodium thiosulphate were included time digestion, 
addition and the copper-selenium catalyst. 


After removal the top growth, the degree nodulation the 
roots was rated. The root-vermiculite complex was then air-dried, ground 
Wiley mill, sampled, and analysed for total nitrogen content. this 
analysis, 10-gram sample was digested millilitres concentrated 
Apart from this change, the procedure for nitrogen analysis was 
the same used for top growth. 


EXPERIMENTAL RESULTS 
Visual Observations 

differences were noted the growth the sweet clover until 
about weeks after planting. Visual comparisons between the various 
treatments this time showed response applied sulphur, and the heavier 
rates both the inoculated and uninoculated groups. 
addition, inoculated plants receiving sulphur but were 
darker green than uninoculated plants receiving the same fertilizer treat- 
ments. This was the first indication that inoculated plants were utilizing 
atmospheric nitrogen. 

the end the growing period, plants lacking sulphur showed 
marked deficiency symptoms, characterized stunting and pronounced 
chlorosis. Sulphur-deficient plants, whether inoculated not, gave little 
any additional growth when the rate was increased from 
100 400 pounds per acre. 


— 
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TABLE 1.—AVERAGE RATINGS AMOUNT RED PIGMENT THE STEMS 
UNINOCULATED PLANTS 


Red pigment 


Without sulphur With sulphur 
100 8.7 9.3 
200 6.0 
300 8.3 
400 2.0 
Average 4.6 


amount red pigment was scored 1-10 basis, with indicating pigment and indicating 
great deal of pigment 


TABLE 2.—AVERAGE RATINGS NODULATION INOCULATED 
CLOVER PLANTS 


Nodule 


NH,NO; 
Without sulphur With sulphur 
Nil 10.0 
100 9.0 
200 2.0 6.5 
300 6.8 
400 1.7 7.0 
Average 2.9 7.9 


1Ratiogs based on a scale of 1-10, with 1 indicating no nodules and 10 indicating an abundance of large, 
well pigmented nodules 


Uninoculated plants supplied with sulphur and the 100-pound rate 
NH.NO: developed severe chlorosis and appeared suffering from 
acute nitrogen deficiency. increasing rates the 
chlorosis became less acute. All inoculated plants receiving sulphur were 
healthy appearance, irrespective rate ammonium nitrate. 

the time harvest, was noted that the stems most the un- 
inoculated plants had developed red pigment. This pigment varied 
intensity and was more pronounced some treatments than others 
(Table 1). The plants generally contained more pigment when sulphur 
was applied than when sulphur was lacking. This 
noticeable the 300-pound rate ammonium nitrate. 

The stems inoculated plants developed some 
However, the intensity was about the same all treatments, with average 
rating about the scale used Table 


Nodulation 


uninoculated jars the test, only produced plants that showed 
any signs nodulation. The nodules associated with the plants these 
uninoculated jars appeared entirely lacking leghaemoglobin, were 
few number, and were located secondary roots close the base 
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the watering tube. has been shown previously (5) that nodules this 
are ineffective even parasitic. The nodule development the 
roots inoculated plants was rated (Table 2). 

There was progressive decrease nodulation with increase rate 
application the absence sulphur. This depressing 
effect nodulation was markedly offset the application 
sulphur. 


Dry Matter Top Growth 

Application inoculated plants deficient sulphur failed 
give significant increase yield dry matter the top growth 
(Figure 1). Uninoculated plants that lacked sulphur gave some response 
when the rate was raised from 100 pounds per acre, 
but further increases rate application failed give signi- 
ficant increases yield. 


When sulphur was applied, uninoculated plants gave marked response 
particularly the higher rates. Inoculated plants treated with 
sulphur only responded the 300- and 400-pounds-per-acre rates 
ammonium nitrate. 


Total Nitrogen Top Growth 

Treatments which supplied inoculation and sulphur produced growth 
containing significantly higher amounts total nitrogen than practically 
all other treatments (Figure 2). Without but with sulphur and 
inoculation, the top growth gave the third highest production total 
nitrogen. 
Percentage Nitrogen Top Growth 

Rate application had significant effect the per- 
centage nitrogen the top growth inoculated plants lacking sulphur 
(Figure 3). When sulphur was applied inoculated plants, rate 
had significant effect percentage nitrogen. comparison 
between the “with” and “without” sulphur groups shows that inoculated 
plants grown the and 100-pound levels contained 
significantly higher percentage nitrogen when sulphur was applied than 
when was deficient. 


the case uninoculated plants, the percentage nitrogen increased 
with increasing rate irrespective level sulphur applied. 
However, higher concentrations nitrogen were general the 
deficient plants. 


Nitrogen Balance Sheet and Nitrogen Fixation 

the case uninoculated treatments, the micro-Kjeldahl analysis did 
not account for all the applied nitrogen. Losses nitrogen were pro- 
portional the amount supplied, and averaged about per 
cent each treatment. The mean loss and standard deviation for the 
uninoculated series whole were 13.09 5.63 per cent. was assumed 
that similar loss nitrogen occurred the analysis the inoculated 
series. result, the total nitrogen recovered Kjeldahl analysis 
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TABLE STATEMENT NITROGEN APPLIED AND RECOVERED FROM 
CULTURES SWEET CLOVER, WITH ESTIMATE NITROGEN FIXATION 


Nitrogen: grams per jar 


Sulphur Inoculation Applied Vermiculite Vermiculite 


and roots Fixed? 
NH,NO; 


1Corrected for loss 13.09 per cent 
’ Obtained by difference between corrected total of nitrogen determined and nitrogen applied 
Means which are connected by an unbroken line are not significantly different at P = .05 


both the inoculated and uninoculated series was corrected make allow- 
ance for loss 13.09 per cent nitrogen (Table 3). 

Inoculated sweet clover, all rates tested, fixed signifi- 
cantly more nitrogen the presence applied sulphur than when sulphur 
was lacking. 

Rate application had pronounced effect fixation. 
Hardly any fixation could demonstrated when was applied 
300- and 400-pound rates the absence sulphur. the and 100- 
pound rates even though sulphur was deficient, .098 and .102 
grams nitrogen were fixed respectively. the presence applied 
sulphur, and the absence NH.NO,, inoculated plants fixed .418 grams 
nitrogen per jar; this was significantly more nitrogen than the amounts 
fixed plants subjected the 200- and 400-pound rates, and 
equivalent 164 pounds nitrogen acre basis. 


DISCUSSION 
The results this study support the conclusions Anderson and 
Spencer (1) that the restricted growth sulphur-deficient legumes not 
due ineffective symbiotic nitrogen fixation, but rather deficiency 
sulphur the host plant. were true that the major role sulphur 
was stimulate the nitrogen fixation process the legume, then sulphur- 
deficient sweet clover should give good responses applied nitrogen. 


| 
Nil Nil Nil Nil Nil 
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Inoculated sweet clover, without and applied sulphur, fixed 
.098 grams nitrogen, seen Table and produced top growth con- 
taining 3.51 per cent nitrogen shown Figure This suggests that 
the elimination sulphur was not absolute, and that trace amounts the 
element were present the glass containers and reagents. so, the results 
prove that legumes can utilize minute amounts sulphur fix appreciable 
amounts nitrogen. 


Reports given number other workers (3, state that inocu- 
lated legume plants supplied with sulphur have higher percentage nitrogen 
than plants deficient sulphur. Results obtained the current investi- 
gation indicate that this true only under restricted levels applied 
nitrogen. the case both the inoculated and the uninoculated series, 
sulphur-deficient plants supplied with the 400-pounds-per-acre rate 
had higher percentage nitrogen than plants treated with sulphur. 
view these facts, evident that the stunted growth associated with 
sulphur-deficient legumes not due the plant’s inability obtain 
nitrogen. more likely that this poor growth directly due lack 
sulphur the plant, with the result that cannot manutacture sulphur- 
containing amino acids such methionine and cystine. These amino acids 
contain about per cent the total sulphur alfalfa (6). 


The activity the nodule bacteria was closely related the nitrogen 
requirement the host plant and the amount applied nitrogen available 
the plant. Nodule bacteria were not very active when the nitrogen 
requirement the sweet clover plants was low. This was the case when 
the growth the plants was restricted lack sulphur. Sulphur- 
deficient plants the absence had only fair amount 
nodulation, but there little doubt that the nodule bacteria were able 
supply all the nitrogen that could utilized these plants. the rate 
was increased, the sulphur-deficient plants rapidly reached the 
stage where they were independent the bacteria for their limited nitrogen 
requirements. the highest rate applied, nodules were almost 
absent and fixation nitrogen could barely detected. 

Sweet clover with high nitrogen requirements, but applied nitrogen, 
was entirely dependent the nodule bacteria for its nitrogen supply. 
These conditions arose when inoculated plants received sulphur but 
ammonium nitrate. Under this type treatment, the nodule bacteria were 
very active and the degree nodulation and the amount fixation were 
With sulphur plus NH.NO,, the plants were less dependent 
the nodule bacteria for their nitrogen supply. Consequently, there 
was tendency for the bacteria less active, and nodulation and 
nitrogen fixation were depressed. findings with respect the effect 
applied nitrogen nodulation and fixation are agreement with the 
carbohydrate:nitrogen concept expressed Wilson (11). this concept 
the depressing effect applied nitrogen dependent upon the concentra- 
tion used and upon the rate carbohydrate synthesis occurring the plant. 


The development red pigment the stems the uninoculated sweet 
clover plants was likely reflection the nitrogen status the plant. 
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the presence applied sulphur, nitrogen became the limiting factor. Un- 
inoculated plants treated with the 100-pounds-per-acre rate 
had the greatest amount red pigment their stems. the rate 
increased, there was decrease this pigmentation. the ab- 
sence applied sulphur, the deficiency nitrogen the plant became less 
acute and applications were much more effective dispelling 
the red pigment. 
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EFFECT INCOMPLETE HILLS AND COMPENSATING 
TREATMENTS COMPARATIVE CORN YIELD 
Canada Department Agriculture, Morden, Manitoba 
for publication June 1960] 

ABSTRACT 
The effect incomplete hills the yielding ability the surrounding 
was determined, and number different methods compensating 
for missing hills were evaluated. One and two incomplete hills with 
and plants respectively were placed directly adjacent and diagonall 
adjacent 3-plant Treatments used fill missing 
inc'uded two different dates transplanting and “spiking in” corn 

and sunflowers. 

The 1-plant and 2-plant hills appeared provide normal competition 
adjacent Hills directly adjacent missing hil's yielded signifi- 
cantly more than normal 3-plant hills while hills diagonal'y adjacent 
missing hills were not significantly different. Results indicated that the 
effect the missing hills the hills may removed 
either “spiking in” corn prior the 4-leaf stage sunflowers the 
5-6 leaf stage, filling with corn transplants. The treatment hills 
themselves gave sub-normal yield all instances. 

INTRODUCTION 

Experimental error may introduced into corn yield trials because 
the effect that hills unequal plant number have the grain yield 
the neighbouring hills. reduce the incidence missing incomplete 
hills yield trials, common practice over-plant, followed thinning 
the desired stand after emergence. This effective method when 
germination relatively high. However, the occasional seed lot exists 
where the germination too obtain full stand even with high rate 
seeding. Furthermore, the destruction hills rodents, insects and 
cultivating machinery cannot always corrected over-planting. The 
research worker therefore must face the problem missing incomplete 
hills. 

Various methods have been used corn breeders correct for the 
effects missing hills. One the most common practices calculate 
yields the basis only those hills which contain the full complement 
plants and are surrounded normal hills. Another practice provide 
the necessary competition “spiking distinctive variety corn. 
Sunflowers have also been “spiked in” replace missing hills corn tests. 
Transplanting corn plants from hills with surplus plants those with 
deficiency has also been used. 

Kiesselbach (1) found that 3-plant hills directly adjacent incomplete 
hills with and plants yielded 114, 107 and 102 per cent respectively 
that normal 3-plant hills which were surrounded 3-plant hills. 
also found the yields the and 2-plant hills and per cent 
respectively that the 3-plant hills. 

This study was designed test the effect missing and incomplete 
hills the yielding ability the surrounding hills, and evaluate some 
methods that have been employed compensate for missing hills. 


1Contribution No. from the Farm, Research Branch, Canada Department 
Agriculture, Morden, Man. 
in” refers the seeding some hills later date than the bulk the test. 
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MATERIALS AND METHODS 
The test was conducted Morden, Manitoba, during 1958 and 1959. 
The single cross corn hybrid W38 and the dwarf sunflower variety 
Mennonite were used. The test was grown summerfallow heavy clay 
loam soil, but fertilizer was not applied. Rows and hills within the row 
were spaced inches. Each plot consisted three rows, feet long. 


The experimental design was basically randomized block with five 
replications. certain restrictions were imposed upon the ran- 
domization because each plot was divided into two four sub-plots which 
were dependent upon each other and were fixed their relative positions 
within the plot. 


The treatments used this test were follows: 


Check 3-plant hills. 

Hills with 0-plants. 

Incomplete hills with and plants. 

Corn “spiked in” two different dates. 

Corn transplanted two different dates. 

Sunflowers “spiked in” two different dates. 


Yield grain was obtained the treatment hills well normal 
3-plant hills which were located directly adjacent and diagonally adjacent 
the treatment hills. The effect one well two hills each the 
treatments the surrounding hills was determined. This required two 
plots for each treatment, one giving the effects single treatment hill 
and the other the effects two treatment hills. The arrangement the 
hills the two plots which the treatment consisted hill 
illustrated Figure The plots involving the other treatments were 
similarly arranged. 

The first transplanting and “spiking in” followed weeks after seeding. 
this time the corn was the 2-3 and 4-5 leaf stage for the years 
respectively. The second transplanting and “spiking in” was made when 
the corn was the 5-6 leaf stage. This occurred and days, for the 
two years respectively, after the first date. Plants used for transplanting 
were obtained from extra plots grown for this purpose. 


Yield grain corn was determined after was dried uniform 
moisture content temperature 100°F. for days. The statistical 
analysis was made the basis randomized block. Duncan’s multiple 
range test was used determine significance. After analysis the grain 
yields were converted percentage value the check. 


RESULTS 

Significant increases grain yield were obtained normal 3-plant 
hills which were located directly adjacent two missing hills (Table 1). 
Increases yield which almost reached the significant level the per 
cent point were obtained hills which were directly adjacent only 
one missing hill. significant gains yield were obtained from hills 
located diagonally from the missing hills, from those either directly 
diagonally adjacent the 2-plant hills. The competition 
provided the 1-plant and 2-plant hills, therefore, was equal that 
normal 3-plant hills. 
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TABLE 2.—GRAIN YIELD INCOMPLETE HILLS AND COMPENSATING TREATMENTS 
EXPRESSED PER CENT THE CHECK 


Grain yield 
Incomplete hills and compensating treatment hills 

surrounded normal 3-plant hills 1958 1959 
3-plant hill (check) 100 100 
1-plant hill 
2-plant hill 83** 88** 
Hills in” first date 74** 47** 
Hills in” second date 
Hills transplanted first date 54** 
Hills transplanted second date 


**Yields differing significantly from the check at the 1 per cent level of probability 


The practice “spiking in” corn seed weeks after planting (4-5 leaf 
stage) gave satisfactory competition the surrounding hills. Non-signi- 
ficant deviations from the check were obtained all plots for both years. 
The results indicated that the 4-5 leaf stage “spiking in” corn 
provided satisfactory competition the surrounding hills. The corn hills 
that were “spiked in” the second date, when the corn was the 5-6 
leaf stage, resulted non-significant differences yield most the 
hills which were adjacent them. 1959, however, the hills that were 
directly adjacent two “spiked in” hills yielded significantly more than 
the check. 

Corn plants which were transplanted the 2-3 leaf stage provided 
normal competition the surrounding hills 1958. However, 1959 
there was some indication that the competition provided was sub-normal. 
When the corn plants were transplanted the 5-6 leaf stage, hills that 
were directly adjacent two transplanted hills gave significant yield 
increases, and 1958 those directly adjacent single transplanted hill 
approached significance. 

Sunflowers which were “spiked in” weeks after the corn was planted 
had adverse effect the yield corn grain the adjacent hills 
1958, but not 1959. The contrast between the years was probably 
due the difference the stage development the corn the time 
the sunflowers were planted, the corn being the 2-3 leaf stage 1958 
and the 4-5 leaf stage 1959. 1958 the corn was not far enough 
advanced compete successfully with sunflowers. The competition pro- 
vided sunflowers which were “spiked in” when the corn had reached the 
5-6 leaf stage was very similar that normal hill corn. This was 
indicated the yield data for both years. 

The yield the “treatment” hills showed that the 1-plant and 2-plant 
hills averaged and per cent the check respectively (Table 2). The 
hills in” the first date was and per cent the 
check for the years, the difference being attributable the stage de- 
velopment the plants the years. The hills that were “spiked in” 
the second date yielded very poorly during both years. The hills that were 


7 


January, 1961) GIESBRECHT—CORN YIELD TRIALS 


two missing hills one missing hill 


two missing hills missing hill 


Plot 


Ficure Arrangement hills the two plots which the treatment consisted 
0-plant hills. 


transplanted the first date yielded only and per cent the check 
for the years respectively. Similarly, the hills that were transplanted 
the second date (5-6 leaf stage) yielded only and per cent the 
check. 

During 1958 per cent ear moisture was determined all treatments. 
These results indicated that ear moisture was not affected significantly 
competition from any the treatment hills. However, the ear moisture 
the “spiked in” and transplanted hills themselves was significantly higher 
all 


DISCUSSION 

The yield grain corn from 3-plant hills was markedly influenced 
missing hills. Significant yield reductions were found those hills 
located directly adjacent missing hills; however, this was not with 
those located directly adjacent 2-plant hills any hills 
diagonally adjacent any abnormal hill. The relative grain yields re- 
corded were similar those reported Kiesselbach (1), although they 
were somewhat lower relation the check. The differences which 
obtained were not subjected analysis variance and their statistical 
significance not known. 

Although missing hills will invalidate plot yields through their in- 
fluence neighbouring hills, the results show that this may avoided 
“spiking in” corn seeds the 4-5 leaf stage sunflower seeds 
the 5-6 leaf stage but not earlier. These will provide effective competition 
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the remaining plot hills but the recorded yield grain from these 
“spiked-in” hills indicates that they must not included the yield evalua- 
tion. Corn transplanted the 2-3 leaf stage will also provide normal 
competition, although likewise cannot used yield determinations 
without prejudicing the results. 

Corn yields from the 1-plant and 2-plant hills were not comparable 
either normal hills normal plants, and should not used determining 
plot yields. plant basis, these yielded considerably higher than normal, 
indicating that under the conditions the experiment population 
plants per hill too high for the attainment maximum yield per plant, 
and showing that competition between plants within hills was greater than 
between hills. 
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CLIPPING FREQUENCY AND FERTILIZER EFFECTS 
PRODUCTIVITY AND LONGEVITY FIVE GRASSES 


Canada Department Agriculture, Swift Current, Saskatchewan 
[Received for publication July 29, 1960] 
ABSTRACT 

Agropyron cristatum, Agropyron intermedium, Agropyron riparium, 
Elymus junceus and Stipa viridula were studied relation clipping 
effects productivity and longevity. All species, except Elymus junceus, 
produced progressively less number clippings increased. Agropyron 
intermedium yielded the most forage, especially when harvested only once 
per season, followed closely Agropyron cristatum. Crude protein yield 
was less variable under various frequencies clipping than forage yield, 
and differences between species were also smaller. Elymus junceus and 
Agropyron cristatum displayed the strongest competitive ability, especially 
under frequent clipping and Stipa viridula the lowest. The amount root 
produced varied significantly between species. Agropyron cristatum and 
Elymus junceus produced the most root and Stipa viridula the least. Fer- 
tilizer applied the fourth and fifth crop years increased the yield 
200 per cent. was concluded that Agropyron cristatum and 
Elymus junceus were about equally persistent under frequent clipping and 
should more useful long-term pasture grasses than the other three 
dry cold 


INTRODUCTION 

Overgrazing grasses and legumes the southern Prairie region 
Western Canada, where the rainfall low and evaporation high (11, 14), 
leads rapid reduction plant vigour with subsequent reduction 
yield and encroachment weedy species into the stand (2). Frequent 
intense defoliation farm pasture the grazing animal unavoidable 
throughout the area because the tremendous fluctuation growth from 
year year due the precipitation pattern (14). For this reason 
important that cultivated species very tolerant continuous defoliation. 

Experiments conducted Swift Current, Saskatchewan, have shown 
wide variation yield and persistence grasses and alfalfa when clipped 
simulate grazing compared harvesting once per season for hay (3). 
Studies other dry climates (1, 10) have shown that close and frequent 
clipping seriously affected persistence, competitive ability, and yield 
various grasses. Amount root growth has been shown significantly 
affected frequency clipping, soil fertility, and utilization late the 
season (3, Although heavy utilization does generally reduce total 
production and vigour the stand the nutritive value the forage 
higher immature stages growth (6, and, therefore, pasture man- 
agement these facts must taken into consideration. 

The present study was undertaken determine the relative merits 
five adapted grasses respect persistence and productivity under various 
frequencies clipping. postulated that the more frequent the clipping 
the closer the treatment simulates intense overgrazing. 


MATERIALS AND METHODS 
The grass species studied were: 
Crested wheatgrass var. Fairway Agropyron cristatum (L) Gaertn. 
Russian wild ryegrass Elymus junceus (Host) Beauv. 
Streambank wheatgrass Agropyron riparium Scribn. and Smith 
Intermediate wheatgrass Agropyron (Host) Beauv. 
Green speargrass var. Green Stipa Stipa viridula Trin. 
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TABLE 1.—Dry YIELDS PER ACRE 


Clipping 
treatment 


Species 


Crested wheatgrass 


Russian wild ryegrass 


Streambank wheatgrass 


1556 1187 2093! 
Intermediate wheatgrass 1172 689 
438 1232 
1415 882 
1201 990 1036 1325? 
1083 890 1085? 
963 789 


112 
112 
158 


Treatment Mean 


Treatments 
L.S.D. .05) Species 
Treat. Sp. 


Summary 


Values 


Source variance 


1952 1953 1954 1955 
Clipping treatments 6.66** 61.49** 33.64** 
Species Treatments 2.14* 2.44* 
14-year average yield * Significant at the 5% point 


23-year average yield ** Significant at the 1% point 


1237 1486| 640| 494 891 
Mean 1515 795| 474 929 
1987 443| 452] 484 831 
Mean 1849 540| 590 892 
1537 
1197 
401 514 
1003 745 
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The experiment was seeded May 1951, loam soil. was 
the split-plot design with six replications. The species were the main 
plots and the clipping treatments the sub-plots. Each main plot consisted 
rows, foot apart and feet long, and each sub-plot 
these rows. 


The treatments applied the grasses were: 
cut flowering stage (once year only) 
cut 8-week intervals (two three times year) 
cut 6-week intervals (three four times year) 
cut 3-week intervals (five seven times year). 


Clippings the and treatments were started different times each 
year, depending the amount growth early the season. Thus, 
1952 the first clipping was made May 1953 June 1954 
June 1955 June and 1956 May 26. Following the first 
clipping the specified interval between clippings was adhered to. The 
clippings were made height about inches. 

Data were obtained dry matter yield and protein yield the forage, 
root yield the end the experiment, and basal ground cover the 
stand the point quadrat method the spring each year, except 1954. 
The yields were determined the basis dry matter content each 
cutting. The protein content was determined composite samples ob- 
tained from each sub-plot each clip throughout the season. The root 
and crown yields were calculated from excavations, foot square 
inches deep, sub-plots. One sample was taken per sub-plot. the 
case intermediate wheatgrass and green speargrass, locations which 
invading species occurred were selected for the excavations. The crown 
and roots were not separated from each other and the data recorded repre- 
sent combination the two. 


Ammonium phosphate sulphate fertilizer (16-20-0) was applied the 
rate 250 pounds per acre half each plot May 1955 for the 
1955 crop, and October 1955 for the 1956 crop. the time the 
first application nitrogen deficiency was clearly affecting the growth 
all grasses. The data from the portion the test receiving fertilizer were 
compiled and analysed separately from the unfertilized portion. 


RESULTS 


Excellent stands were obtained crested wheatgrass, Russian wild 
ryegrass, streambank wheatgrass and intermediate wheatgrass 1951, but 
not green speargrass. The latter, because its dormant seed charac- 
teristic, did not emerge and produce stand until the second year (1952). 
However, despite this delayed establishment developed complete stand 
among dense growth annual weeds. 

The data are presented two main sections; the first gives the results 
obtained without any application fertilizer the end the experiment, 
and the second the effect fertilizer during the last years. 
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TABLE 2.—CRUDE PROTEIN YIELDS PoUNDS PER ACRE 


Species 


Crested wheatgrass 


Russian wild ryegrass 


Streambank wheatgrass 


Intermediate wheatgrass 


Green speargrass 


Treatment Mean 


L.S.D. .05) 


Variance Analysis Summary 


Source variance 


Species (Sp.) 
Clipping treatments 
Species Treatments 


14-year average 
2 3-year average 


lipping 
treatment 
310 237 104 153 
437 273 123 192 
430 205 100 174 
Mean 368 227 101 164 
300 176 119 144 
338 184 133 150 
Mean 260 165 104 128 
312 156 122 165! 
469 195 132 216! 
449 199 105 188! 
Mean 402 201 128 
Mean 130 
365! 175 102 61? 
Values 
1952 1953 1954 1955 1956 
2.38 4.17* 1.04 1.84 
Significant the point 


Significant the point 
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Performance Without Fertilization 


Dry Matter presents the yield five grasses for the 
crop years, 1952 1956, inclusive. will noted that yields were 
obtained green speargrass the first year. This was because delayed 
establishment. addition, yields intermediate wheatgrass and green 
speargrass were obtained treatments and the final year 1956. 
This was due severe winter-killing these two grasses during the winter 
1955-56, and substantial pollution the stand invading species. 


Intermediate wheatgrass produced more forage than any other species 
under all treatments during the first years when its stand had not yet 
been impaired winter injury and competition from invaders. The yield 
differential between intermediate wheatgrass and crested wheatgrass, the 
second highest producer, remained about the same during the years. 
The other three species, which produced generally less, performed rela- 
tively better comparison intermediate and crested wheatgrass under 
the frequent clipping schedules and 


The behaviour Russian wild ryegrass was different that yielded 
much the same under all treatments. Its generally low yield may not 
nearly obvious under actual grazing because the clipping technique did 
not remove many the low basal leaves which would normally taken 
the grazing animal. 

The data show that frequent clipping had depressing effect yield. 
There was significant interaction between species and clipping treatment 
all years. Russian wild ryegrass was the outstanding contributor this 
interaction one extreme and crested wheatgrass the other most years. 


Protein protein production data are presented Table 
Since the concentration protein the forage related its maturity 
time harvest, was greatest the forage harvested the most 
frequent intervals. The summary the values indicates that differences 
between treatments and species were not consistent the case the 


Crop YEAR, SEPTEMBER, 1956 


Clipping treatment 


Species 

Crested wheatgrass 9595 7292 9499 8827 8803 
Streambank wheatgrass 8252 7292 5277 4222 6261 
Intermediate wheatgrass 10554 8539 7772 5469 8084 
Russian wild ryegrass 11226 10554 10746 5277 9451 
Green speargrass 4414 4893 4030 3550 4222 
Treatment Mean 8827 7676 7484 5469 
L.S.D. .05) Treatments 1151 Species 1192 


interaction spec. treat. 2310 
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dry matter yields. Actually, there was frequently reversal trends, 
Thus, under the and treatments most species usually yielded more 
protein than under the and treatments. 

Russian wild ryegrass, relative other species, ranks much higher for 
protein content than for dry matter yield. This indicates its favourable 
characteristics high protein content the foliage the stages 


Root and Crown root and crown yields the grasses 
under various treatments the termination the experiment 1956 are 
shown Table The results intermediate wheatgrass and green spear- 
grass are biased favour these species because the excavations were 
made selected spots the plots where invasion other species was 
However, the results should have been quite indicative 
the situation had there not been winter damage the two species during 
the last winter. 

The roots and crowns were not separated from each other this study 
that the recorded yield combination the two. estimated 
that about two-thirds the weight was roots and one-third crowns. The 
outstanding feature the data was the very large amount roots produced 
all species except green speargrass, under the arid climatic conditions 


TABLE GROUND COVER THE GRASSES May 1952, 1953, 1954 anp 1955 


Basal ground cover, per cent 


Clipping 
treatment 1952 1953 1955 1956 


Grass Grass Grass Invaders! 


Crested wheatgrass 


Russian wild ryegrass 


Streambank wheatgrass 


Intermediate wheatgrass 


Green speargrass 


00 


} Invaders were mainly crested wheatgrass and a small amount of Hodeum jubatum 


Species 
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2200 


2000 NOTE 
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AT THE TOP OF EACH COLUMN. 


1800 


1600 


1400 
LBs. 
PER. 1200 
ACRE 

1000 


41% 


CRESTED W.G. INTERMEDIATE W.G. GREEN SPEAR 


THE YIELO INCREASE RESULTING FROM FERTILIZATION 
WITH AMMONIUM PHOSPHATE SULPHATE (16-20-0) THE RATE 
250 POUNDS PER ACRE. 


Swift Current, Saskatchewan. Green speargrass characteristically tends 
replace most its roots each year and hence would not expected 
develop much root, over period years, the other four grasses. 
The root production the four grasses was high higher than the 
root produced similar grasses under less arid climatic conditions (4, 5). 

The over-all picture indicates that significantly greater amount 
root was produced under hay use (cutting once year) than under clipping 
treatments and Russian wild ryegrass, crested wheatgrass, and 
intermediate wheatgrass generally produced more root than streambank 
wheatgrass green speargrass. Intermediate wheatgrass and streambank 
wheatgrass produced less root with each increase clipping frequency. 
Russian wild ryegrass varied little amount root produced when sub- 
jected treatments and but dropped sharply one-half the 
production under clipping treatment Crested wheatgrass was affected 
most clipping treatment and produced less roots under this treatment 
than under any other. Green speargrass reacted exactly opposite crested 
wheatgrass and produced the most roots under Treatment The inter- 
action between treatment and species for root production the top inches 
was significant the per cent level. This differential response can 
easily observed examining the data Table closely. 


| | 
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NOTE 
% INCREASES ARE GIVEN 


AT THE TOP OF EACH COLUMN. 


1400 


1200 


1000 
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INVASION 


CRESTED W.G. W.G. INTERMEDIATE W.G. GREEN SPEAR 


DEPICTS THE YIELD UNFERTILIZED GRASS. 
SHOWS THE YIELD INCREASE RESULTING FROM FERTILIZATION 
AMMONIUM PHOSPHATE SULPHATE THE RATE 


250 POUNDS PER ACRE. 


Basal Ground Cover.—The data the basal ground cover are presented 
Table The ground cover 1952, the first crop year, was quite low 
for all grasses and yet the yields were greater this year than any 
other (except green speargrass which did not establish until the second 
year). The ground cover increased three- fivefold from 1952 1953 
for the three wheatgrasses and Russian wild ryegrass. similar some- 
what higher ground cover that 1953 prevailed for all species until 1955. 
After that there was slight general reduction stand because drier 
climatic conditions and intermediate wheatgrass and green speargrass began 
suffer invasion (Table 4). The data clearly show superior competitive 
ability crested wheatgrass and Russian wild ryegrass over the other three 
species since they resisted invasion. Streambank wheatgrass was close 
second, especially under treatments and Intermediate wheatgrass 
maintained itself well when cut only once for hay but the stand had 
deteriorated considerably under and treatments and invading species 
were becoming established. 


Fertilizer Responses 

The effect ammonium phosphate sulphate fertilizer (16-20-0), ap- 
plied the rate 250 pounds per acre, various measurements was 
obtained the last years the experiment. The data are presented 
separately for each year because the pattern response differed the 
years. 

Dry Matter increase forage production resulting from 
fertilizer application shown Figures and substantial increase 
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FIG.3 THE PERCENT CRUDE PROTEIN CONTENT THE HERBAGE 


DEPICTS THE PERCENT CRUDE PROTEIN CONTENT THE 
HERBAGE GRASSES NOT FERTILIZED. 
SHOWS THE INCREASE RESULTING FROM FERTILIZATION 


WITH AMMONIUM PHOSPHATE SULPHATE (16-20-00) AT THE RATE 
OF 250 POUNDS PER ACRE. 


yield resulted from fertilizer application the case all species under 
all treatments. The general response was greater 1956 than 1955. 
There was relatively greater yield increase all species, excepting stream- 
bank wheatgrass, under treatment than under any other treatment 
1955. This relationship, however, did not hold the 1956 season. There 
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RUSS. W.G. INTERMEDIATE W.G. GREEN SPEAR 


LOWER GRAPH: - BASAL GROUND COVER OF GRASSES NOT 
FERTILIZED. 
ZZ - BASAL GROUND COVER INCREASE OR DECREASE 
RESULTING FROM FERTILIZER APPLICATION. 
UPPER GRAPH: Ss - BASAL GROUND COVER OF INVADERS NOT 
FERTILIZED. 
Oy - BASAL GROUND COVER INCREASE OR DECREASE 
RESULTING FROM FERTILIZER APPLICATION. 


seemed very little indication differential species yield 
fertilizer. 


Crude Protein Content.—The effects fertilizer application protein 
content are shown Figure concentration crude protein in- 
creased all species following fertilization. 1955 the general species 
response was greatest for Russian wild ryegrass and streambank wheatgrass, 
but 1956 there appeared little difference between the response 
the various species. The over-all increase per cent protein content 
resulting from fertilization was twice great 1956 1955, 2.5 per 
cent and 1.2 per cent respectively. 

Basal Ground Cover.—In Figure the influence fertilizer the 
ground cover the five grasses depicted. general, all grasses, except 
green speargrass, increased per cent ground cover result 
fertilizer application. Green speargrass actually decreased ground cover 


— 
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result fertilizer application under treatments and will 
noted that, under the same treatments shown the upper part the 
graph, invading species increased density ground cover the green 
speargrass stand. Streambank wheatgrass and intermediate wheatgrass, al- 
though themselves increasing density ground cover when fertilized, 
allowed invading species increase also. Invading species did not fare 
any better competition with either crested wheatgrass Russian wild 
ryegrass whether fertilizer was added not. 


There appeared definite differential response fertilizer 
several species under different treatments. Thus, the stand density 
crested wheatgrass and intermediate wheatgrass increased most result 
fertilizer application when harvested only once for hay (treatment B), 
while Russian wild ryegrass increased the greatest amount under the 
most intense defoliation (treatment D). 


DISCUSSION 

Crested wheatgrass and Russian wild ryegrass tolerated frequent de- 
foliation much better than intermediate wheatgrass and green speargrass, 
and somewhat better than streambank wheatgrass. They produced strong 
root system and can expected persist quite well when overgrazed 
the Canadian Prairies. Under less intense use intermediate wheatgrass 
definitely appeared superior yielding ability and can considered 
very useful hay grass for the area. This observation supports that 
Kilcher and Heinrichs (7). 


Russian wild ryegrass, although relatively low yielding, was superior 
the other species crude protein content. That this the case has 
been shown previously Heinrichs and Carson (6) and Troelsen and 
Campbell (13). The latter have also shown that Russian wild ryegrass 
excels other grasses general nutritional quality. 


Application fertilizer increased the yield all species under all 
treatments but did little influence the competitive ability any grass. 
Fertilizer application increased the per cent protein content all species. 
This result agrees with that Kilcher (8) and Troelsen and Campbell (13). 
However, Kilcher (8) found differential response fertilizer between 
intermediate wheatgrass, crested wheatgrass, and Russian wild ryegrass not 
observed this study. 
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THE INHERITANCE RUST RESISTANCE. 


VI. THE TRANSFER STEM RUST RESISTANCE FROM 
AGROPYRON ELONGATUM COMMON WHEAT 


University Saskatchewan, Saskatoon, Saskatchewan 


[Received for publication May 20, 1960] 


ABSTRACT 


The rust resistance 56-chromosome wheat-Agropyron derivative 
was found controlled gene genes single Agropyron 
chromosome. Resistant wheat plants having wheat chromosomes 
plus single added Agropyron chromosome were produced. Spikes 
these plants were irradiated with either gamma rays X-rays and seeds 
were irradiated with thermal neutrons. result the irradiation, 
least five lines and possibly seven piece the Agropyron chromosome 
carrying the gene genes for rust resistance was transferred wheat 
chromosome. One the translocations transmitted normally through 
the gametes but the remaining six show irregularities transmission par- 
ticularly through the pollen. 


INTRODUCTION 

Considerable work has been done, particularly Canada, the United 
States and the U.S.S.R., attempts produce perennial wheat from 
crosses between species Triticum and Agropyron. Although recent 
reports from the U.S.S.R. Cicin (4), and the United States 
Suneson’, indicate some degree success, previous results were not 
promising. result, recent years attention has turned the transfer 
specific characters, such disease resistance, from Agropyron 


Triticum. 


Much the work crosses between Triticum and Agropyron species 
has been summarized White (14), Smith (13), Aase (1, 2), and Sears 
(9). The cross between Triticum vulgare Vill. (n=21) and Agropyron 
elongatum (Host) Beauv. probably the most easily obtained 
and yields the most fertile plants. North America, research has 
largely concentrated this hybrid. 


useful characteristic many wheat-Agropyron derivatives their 
resistance stem rust (Puccinia graminis tritici Eriks. and Henn.). 
search aimed transferring this resistance common wheat being carried 
this nature was begun Shebeski. Shebeski and (12) studied 
the inheritance resistance stem rust wheat-Agropyron derivative 
and obtained segregations which suggested that resistance was conditioned 
three dominant complementary genes. 


Recently Sears (11) described ingenious irradiation technique which 
was used transfer leaf rust resistance from Aegilops umbellulata Zhuk. 
Triticum vulgare. The chromosome carrying gene genes for leaf 
rust resistance was first added wheat. Plants carrying the extra chromo- 
some were then irradiated before meiosis and their pollen used crosses 


1The early phases this research were done under grant from the Canada Department 
Agriculture for Extramural Research Project EMR-16. 

2Associate Professor Field Husbandry. 
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with leaf rust susceptible variety. Resistant plants were studied cyto- 
logically for the presence translocations. important feature the 
method was the elimination the unchanged Aegilops chromosome. This 
occurred through the loss the univalent meiosis and because pollen 
carrying the unchanged chromosome was competitive disadvantage. 
Thus, very few the functional male gametes carried the Aegilops chromo- 
some and the frequency translocations was high the resistant plants. 


Knott (6) reported that the same method was used successfully 
transfer rust resistance from wheat-Agropyron derivative common 
wheat. 

Larter and Elliott (8) evaluated different types ionizing radiations 
producing translocations 56-chromosome wheat-Agropyron deriva- 
tive. Elliott (5) reported the translocation Agropyron stem rust 
resistance common wheat. 56-chromosome wheat-Agropyron deriva- 
tive 28) was crossed susceptible wheat variety and the 49-chromo- 
some, hybrid seeds were irradiated. rust-resistant plant selected 
was shown later generations carry chromosomes. Recent studies 
the present author have shown that Elliott’s line carries three genes for 
rust resistance, Sr6, Sr7 and 

this paper three experiments will described which radiation 
was successfully used transfer rust resistance from Agropyron 
chromosome wheat chromosome. 


MATERIALS AND METHODS 

The wheat-Agropyron derivative used the study was produced 
Shebeski crossing Agropyron elongatum with Triticum 
vulgare variety Chinese Spring and backcrossing once Chinese Spring. 
line designated P.W.327 (Perennial wheat 327) was the source 
the Agropyron rust resistance. The line wheatlike and reasonably stable 
although tends tall and late, has long, lax heads and the kernels 
are tightly enclosed the glumes (Figure P.W.327 has good resistance 
many races stem rust, including races 15B and 56. addition, has 
good field resistance the races leaf rust common the Canadian 
prairies, although the seeding stage susceptible race (U.N.2) 
and only moderately resistant race (U.N.5). The stem resistance 


Ficure Spikes P.W.327, homozygous translocation line and Thatcher, respectively 
(greenhouse material). 

First meiotic metaphase P.W.327, showing (two overlapping 
bivalents the left side the figure are out focus). 1000. 

First meiotic metaphase plants from the cross P.W.327 Thatcher. 
Figure there are 11, one univalent lying top the last bivalent the left 

First meiotic metaphase plant having The univalent the 
Agropyron chromosome which carries rust resistance. 1000. 

Ficures First meiotic metaphase plants having wheat-Agropyron chromosome 
paired with normal wheat chromosome. Each cell has closed bivalents and one open 
bivalent which not visibly heteromorphic. 1000. 

First meiotic metaphase plant carrying translocation between wheat 
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P.W.327 undoubtedly came from Agropyron elongatum. consider- 
able portion its leaf rust resistance presumably was derived from Chinese 
which has good resistance the mature plant type. 

P.W.327 was crossed and backcrossed number times the variety 
Thatcher. The Agropyron resistance stem rust proved dominant 
that was possible each successive backcross resistant 

lants. The generation and the first backcross were tested with race 56, 
but all later generations were tested with race 15B. Both field and seedling 
tests were used. deliberate tests with leaf rust were made; however, 
two occasions readings were obtained from natural field epidemics. 

Field and greenhouse rust epidemics were produced commonly used 
methods. Since the procedures employed Saskatoon have been described 
detail Knott and Anderson (7) they will not repeated here. 

Cytological studies meiosis pollen mother cells were made 
the P.W.327 parent and plants from the cross and backcrosses 
Thatcher, with the exception the first backcross. The material was 
fixed solution parts per cent alcohol, parts chloroform, 
and part glacial acetic acid. Slides were made the acetocarmine 
smear technique, although aceto-orcein and mixtures aceto-orcein and 
acetocarmine were also tried. 

Further details the methods employed will given with the results. 


RESULTS 

Plants the wheat-Agropyron derivative, P.W.327, had chromosome 
numbers ranging from 54-57 with mode (Figure 2). Considerable 
difficulty was experienced obtaining satisfactory spreading the meta- 
phase chromosomes, partly, but not entirely, due their large number. 
Although multivalents were not infrequent, most the chromosomes 
formed bivalents and plants having chromosomes some cells showed 
pairs. The results metaphase counts pollen mother cells 
plants are given Table Only those cells which the chromosome 
was clear are reported and consequently the numbers are 
small. 

The fact that P.W.327 commonly has chromosomes suggests that 
carries the wheat genomes (21 pairs) from Chinese Spring, plus full 
genome pairs) from Agropyron elongatum. The presence 
valents may indicate that some homology exists between the Agropyron 
genome and one more wheat genomes. Stabilization wheat- 
Agropyron derivative the chromosome level was also reported 
Elliott (5). 

considerable number single plant progenies P.W.327, grown 
the field 1952, proved reasonably uniform. Some progenies, 
however, did segregate for various morphological characters. view 
the chromosomal instability the line, the segregation was not surprising. 
All the progenies were highly resistant race stem rust and 
natural epidemic leaf rust. later tests P.W.327 was found give 
reaction race 15B seedling tests and highly resistant the 


112 CANADIAN JOURNAL PLANT SCIENCE {Vol. 


TABLE 1.—METAPHASE CHROMOSOME COUNTS POLLEN 


Range and average number 


Plant Chromosome Number cells 
number number counted 
P.W.327-1 
0-1 25-28 0-2 0-1 
0-4 26-28 0-1 0-1 
0-1 24-27 0-1 0-1 
26.10 
27.8 
-1-1 0-3 24-27 0-1 0-1 
1.66 27.00 
0-4 25-28 0-1 0-1 
2.36 27.00 
.09 
0-2 26-28 0-1 0-1 
27.58 


field. This seedling reaction remained constant all the backcrosses 
Thatcher and intermediate between types and were ever ob- 
tained. 

The plants from the cross, P.W.327 Thatcher, gave resistant 
moderately resistant field reaction race 56. the plants carried 
some rust but the pustules were resistant type. 

Cytological studies were made seven plants. Six had chromo- 
somes and one had (Figures and 4). The number univalents ranged 
from 4-12 and bivalents from 14-21. maximum multivalents 
(mostly trivalents and quadrivalents) was obtained. The presence multi- 
valent can probably accounted for the fact that the chromosomes 
Thatcher and Chinese (one parent P.W.327) differ translocation 
has been reported Sears (10). The additional multivalents presumably 
result from homologies between the chromosomes the Agropyron 
genome and the wheat genomes. Since there were never less than 
univalents, may that only the Agropyron chromosomes have 
any homology with wheat chromosome. 
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cytological studies were made the plants from the first back- 
cross Thatcher. Rust tests were made with races but the results 
have little meaning since undoubtedly Thatcher contributed some the 
resistance. All later generations were tested with race 15B which 
Thatcher susceptible. 

From the second backcross Thatcher, plants were grown and 
were resistant race 15B, giving type seedling reaction. total 
plants examined cytologically, did not carry Agropyron chromo- 
some and all were susceptible. Cytological studies resistant plants 
showed that each carried least Agropyron chromosome that did not 
pair with Thatcher chromosome. maximum Agropyron chromo- 
somes were present the plants. While the number plants was too 
small conclusive, the results suggested that the Agropyron resistance 
carried chromosome that not homologous wheat chromosome. 

Additional studies and plants from the second backcross 
Thatcher confirmed that resistance due gene genes single 
Agropyron chromosome. Resistant plants having chromosome 
(Figure gave resistant progeny which were either and 
susceptible progeny which were either The 
plants carrying telocentric evidently had lost the arm the Agropyron 
chromosome which carries the gene for rust resistance. 


interesting group plants carried the Agropyron chromosome 
but lacked wheat chromosome and, consequently, had configuration 
chromosomes. Their resistant progeny were four types, 
and The last involved the substitution one pair 
Agropyron chromosomes for pair wheat chromosomes and were, 
therefore, homozygous for resistance. Susceptible progeny had 
telocentrics isochromosomes occasionally appeared. 


the later generations non-irradiated material every resistant plant 
the hundreds examined carried Agropyron chromosome. Every sus- 
ceptible plant either did not carry the Agropyron chromosome, carried 
telocentric isochromosome. these last two cases evident 
that the missing chromosome arm carried the gene for resistance. Although 
great many plants having configuration were studied and 
thousands pollen mother cells were observed metaphase, there was 
never any indication that the Agropyron chromosome paired with wheat 
chromosome. was necessary, therefore, use some agent such 
ionizing radiation effect the transfer piece Agropyron chromatin 
wheat chromosome. 


natural epidemic leaf rust developed the nursery which 
the families from the second backcross Thatcher were grown. 
Thirteen fifteen families segregated for moderate leaf rust resistance 
despite the fact that selection for resistance had taken place during the 
two backcrosses. The results seemed indicate that the genes for leaf 
and stem rust resistance are the same Agropyron chromosome. How- 
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ever, since some families segregated for resistance one rust and not 
the other the genes probably are opposite chromosome arms. Thus 
misdivision the Agropyron chromosome could result their separation. 
Later work did not either prove disprove the hypothesis. 


Radiation 
(a) Radium beryllium 

the summer 1955, families were grown 
(P.W.327 Thatcher* and P.W.327 Thatcher’) having chromosome 
configuration The progeny were studied cytologically and 
plants having configuration were selected for irradiation. 
1.4 curie radium-beryllium source emitting gamma rays and some neutrons 
was supplied the Chemistry Department the University Saskatche- 
wan. The young spikes irradiated were fastened wooden 
cylinder cm. diameter. The radiation source was then placed 
hole the centre the cylinder. The spikes received the gamma radiation 
the rate 175 roentgens per hour. One plant was given dose 
800r, five received 1100r and one received 1400r. The spikes ranged 
maturity from some which were several days ahead meisosis others 
that were past meiosis. 


After the irradiation, pollen from the spikes were used pollinate 
190 heads Thatcher (about 4760 florets). Seed set varied rather widely 
and only 1869 seeds were obtained. From these seeds, 1510 plants were 
grown the greenhouse the fall 1955 and 368 (24.4 per cent) were 
resistant race 15B. 

Most the resistant plants were studied cytologically and their 
chromosome configurations are listed Table determining whether 
Agropyron chromosome was present not, was assumed that all plants 
received chromosomes from the Thatcher parent. Since the Agropyron 


TABLE 2.—CHROMOSOME CONFIGURATIONS THE RESISTANT PLANTS 
From BETWEEN THATCHER AND THE PLANTS 


Chromosome configuration Number families! Number plants 
Agropyron chromosome present 
21); + 1; or 19); + + 1; 109 255 
2011 + 2; or 18); + 1yv + 21 26 39 
Asynaptic (43 chromosomes) 
Agropyron chromosome absent 
21) or 19); + liv 6 13 
Total 322 


1The total number of families having at least one resistant plant was 132. Several families, however, had 
plants of 2 or more types and as a result the total of the figures in this column is greater than 132. 
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chromosome was present univalent reciprocal translocation between 
and wheat chromosome would result the formation trivalent 
meiosis. Depending the type disjunction from the trivalent, the 
resistant plants would have either the plants having 
one bivalent would consist translocated chromosome paired with 
normal wheat chromosome. Whether this pair would detectably 
heteromorphic not would depend the relative size the two chromo- 
some segments that had been exchanged. The presence sizable piece 
Agropyron chromatin could affect pairing that open bivalent 
would result. The irradiation could also have produced either non- 
reciprocal translocation which segment Agropyron chromosome was 
added wheat chromosome intercalary translocation which 
segment the Agropyron chromosome was inserted into wheat chromo- 
some. both cases the expected configuration meiosis would 
and there would not trivalent. Resistant plants from the 
cross with Thatcher would have either but only the first 
type would recognized carrying translocated chromosome. The 
plants having would have been presumed carrying 
Agropyron chromosome and would have been discarded. 


expected the majority plants carried the Agropyron chromo- 
some either whole telocentric isochromosome. Unfortunately, 
pollen carrying the Agropyron chromosome did not appear com- 
petitive disadvantage with normal pollen. Since meiosis univalent 
lost about per cent the time [see Sears (10)], the Agropyron chromo- 
some should have been present about per cent the pollen instead 
the theoretical per cent. noted above, 24.4 per cent the progeny 
were rust resistant and most them carried the Agropyron chromosome. 

would expected the irradiation frequently resulted transloca- 
tions involving wheat chromosomes and quadrivalents were common 
the plants. Some plants lacked either wheat chromosomes 
presumably result irregularities meiosis following the irradiation. 


The most interesting plants were the that lacked Agropyron 
chromosome. Three them carried only chromosomes, two having 
and one Two the plants were sterile and the third oc- 
curred family which proved carry gene Sr7 rather than the 
Agropyron gene for resistance. Six progenies had least one resistant 
plant with either These plants were studied detail 
described below. 


single resistant plant family 5-2-3 (irradiated plant head 
pollination proved homozygous for gene conditioning fleck 
reaction race 15B. test cross showed that carried gene and, 
therefore, must have come from stray seed the greenhouse bed. 


three families one more rust-resistant plants lacked the Agropyron 
chromosome but did not give the reaction typical the irradiated parent. 
The parents normally carry small pustules with sharply delimited, light- 
green chlorotic area and are classified type plants the 
three families had type larger pustules and showed rather extensive 
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yellow chlorosis. Brown (3) showed that each these lines carried the 
same gene chromosome VIII and identified Apparently, 
the time the pollen from irradiated plants was being put Thatcher 
spikes, outcrossing occurred with line carrying This took place 
despite the fact that normal care was exercised making the pollinations 
and line carrying Sr7 was adjacent the Thatcher plants. 


One plant family 3-3-1 gave the rust reaction typical the 
irradiated parents and most frequently had configuration 191 
The line was carried and then four successive backcrosses Thatcher 
were made. Cytological studies were carried out plants from all the 
selfed and backcrossed generations. the early generations, chromosomal 
irregularities such heteromorphic pair and quadrivalent were common 
but these proved independent the rust resistance. Following the 
last backcross, the resistant plants which were obtained gave the typical 
Agropyron rust reaction and had configuration Assuming that 
the resistance derived from the Agropyron chromosome, these plants must 
heterozygous for translocated segment Agropyron carrying the gene 
genes for rust resistance. heteromorphic pair was evident but every 
cell the many hundreds examined contained least one long, open 
bivalent which the chromosomes sometimes appeared only loosely 
connected (Figures and 7). contrast, pollen mother cells sus- 
ceptible sibs commonly had closed bivalents metaphase. The results 
suggest that one chromosome carries segment Agropyron chromatin 
sufficient size prevent the translocated arm from forming chiasma 
with the corresponding Thatcher chromosome. Apparently the Agro- 
pyron segment has replaced wheat segment similar size since the 
observable length the chromosome metaphase has not been changed. 


Tests were made the transmission the translocated chromosome 
through the gametes. After the third backcross Thatcher, heterozygous 
plants having were selfed and used both male and female parents 
additional backcross. Seedling tests with race 15B were used 
determine the presence the translocation and the results were follows: 


Per cent 
Female transmission 50.7 (of 148 gametes) 
Male transmission 6.7 (of 163 gametes) 
selfing (of 773 plants) 


The transmission selfing very close that expected the basis 
male and female transmission rates. Clearly the translocation shows the 
normal per cent transmission through the eggs but transmitted with 
much reduced frequency through the pollen. Eighty-two and 
progenies from resistant parents were grown. Only (3.7 per cent) were 
homozygous the expected frequency was 3.4 per cent. 


Plants homozygous for the translocation were examined cytologically 
and their pollen stained with iodine-potassium iodide solution. Pollen 
mother cells frequently showed closed pairs chromosomes. Just over 
per cent the pollen appeared abnormal figure that not excessively 
high for greenhouse material. seems probable, therefore, that pollen 
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carrying the translocation viable but competitive disadvantage when 
competing with normal pollen. 

The rust resistance line 3-3-1 appears identical with that 
plants carrying the full Agropyron chromosome. show that the line 
does not carry some other gene for resistance, was crossed with testers 
carrying genes Sr7 and Sr8, respectively. two genes condition types 
resistance race 15B somewhat similar to, but distinguishable from the 
Agropyron type. Both testcrosses segregated, the numbers resistant 
and susceptible plants being 187:19 and 234:20 respectively. The segre- 
gations are acceptable fits the ratio (88.3:11.7) expected assuming per 
cent and 6.7 per cent transmission the translocation through the eggs and 
pollen respectively. clear that the line does not carry either Sr7 
Sr8 and other gene conditioning similar type seedling resistance 
race 15B has been identified the many wheat varieties studied the 
University Saskatchewan. interesting interaction occurred between 
the Agropyron gene and Sr7. When alone the two genes conditioned 
and reactions respectively. The combination the two had 
additive effect, conditioning 0;—1- reaction. The Agropyron gene showed 
such interaction with 


The last plant the nine which lacked Agropyron chromosome 
had configuration either 191 with one bivalent which the 
chromosomes were loosely connected, The line was 
carried and then backcrossed three times Thatcher. The resistant 
plants from the first backcross frequently showed one two 
valents. However, after the third backcross, resistant plants were ob- 
tained which had heteromorphic bivalent was apparent but the 
chromosomes one bivalent frequently appeared loosely attached. 
Again the evidence suggests that segment the Agropyron chromosome 
sufficient size affect pairing had been translocated wheat 
chromosome. 


The transmission the translocation was tested selfing heterozygous 
plants and using them both male and female parents additional 
backcross Thatcher. The results were follows: 


Per cent 
Female transmission (of gametes) 
Male transmission 2.2 (of gametes) 
selfing (of 299 plants) 


was true for the first translocation evident that this one 
transmitted normally through the eggs but only rarely through the pollen. 
Thirty-six and progenies from resistant parents were tested and none 
was homozygous for resistance. 


Testcrosses were made show that the line did not carry either Sr7 
Sr8. Since plants homozygous for the translocation were not available, 
heterozygous plants were crossed with the testers. Families segregating 
for both the Agropyron resistance and Sr7 gave 186 resistant sus- 
ceptible plants and the corresponding segregation with Sr8 was 175:27. 
Both segregations are satisfactory fits the approximately 7:1 ratio ex- 
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pected assuming normal transmission the translocation through the eggs 
but only rare transmission through the pollen. Again the Agropyron re- 
sistance and acted additively. 


(b) Soft X-rays 

When became evident that outcrossing had caused difficulty the 
field irradiation was decided repeat the work greenhouse where 
other rust resistant wheat was growing. Twenty-eight rust resistant 
plants (P.W.327 Thatcher*) having plus the Agropyron chromosome 
whole telocentric isochromosome, were selected. Spikes were 
given 1500r X-rays, usually just before meiosis, using machine operated 
280 kv. and and emitting 177r/min. The irradiation was done 
through the kindness Cormack, using equipment the Cancer 
Clinic the University Saskatchewan Hospital. Unfortunately, either 
the dose was too high the spikes too close meiosis and only seeds 
were obtained from Thatcher spikes which received pollen from the 
irradiated plants. Forty-one progeny were grown and only five were 
rust resistant. All came from crosses made with pollen from irradiated 
spike (9A). Surprisingly, the resistant plants did not carry 
separate Agropyron chromosome and, presumably, the Agropyron re- 
sistance had been translocated wheat chromosome. Plants 9A-1 and 
9A-5 had configuration 19: with some metaphases having 
Plants 9A-2 gave different configurations which the simplest was 
(Figure 8). The progeny each the plants were studied 
some detail. 


The resistant progeny plant 9A-1 were selfed and used both 
the male and female parents two backcrosses Thatcher. The trans- 
mission rate for the translocation was follows: 


Per cent 
Female transmission 47.7 (of gametes) 
Male transmission 56.5 (of 115 gametes) 
Transmission selfing 75.6 (of 193 plants) 


The translocation transmitted normally through both the egg and the 
pollen, contrary the results with the previous two translocations. The 
slight excess male gametes carrying the translocation was largely due 
one cross and not statistically significant. Fifteen and progenies 
derived from resistant parents were tested and six proved homozygous 
for resistance good fit the expected segregating resistant. 
Plants from three homozygous lines were examined cytologically. two 
lines the pollen mother cells had configurations with the bivalents 
occasionally being all closed. The third line had including one pair 
telocentric chromosomes. The origin the telocentrics not clear 
but apparently they are not involved rust resistance since they were not 
present two the lines. One the first two homozygous lines was 
backcrossed Thatcher. The progeny had but there was always 
least one open bivalent. some cells appeared that the members 
one pair were slightly different length but this could not deter- 
mined with certainty. The pollen plants from two homozygous lines 
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was stained with iodine-potassium iodide solution. About per cent 
was abnormal. 

Cytologically, plant 9A-5 had appeared identical plant 9A-1 
Resistant plants and plants obtained following two back- 
crosses Thatcher were used transmission studies. The results were 


follows: 
Per cent 
Female transmission 38.1 (of 118 gametes) 
Male transmission 20.4 (of gametes) 
Transmission selfing 46.1 (of 410 plants) 


The data seem suggest that the translocation not transmitted with 
normal frequency through either the eggs the pollen. this true 
then the translocation must different from the one carried plant 9A-1. 
Thirty-one families derived from resistant parents were tested and only 
three were homozygous for resistance. 


Cytological studies homozygous plants showed that they had 22n 
including pair telocentric chromosomes. The telocentric pair fre- 
quently associated with another pair peculiar fashion, either lying 
alongside open bivalent attached two the chromosome ends 
ring bivalent. Some degree homology between the two bivalents 
indicated. Several the resistant plants were backcrossed twice 
Thatcher. Resistant plants from the backcross had either 
liv. Apparently, the telocentric pair not involved resistance. 


Plant 9A-2 had different chromosome configuration than 
plants 9A-1 and 9A-5. The presence trivalent indicates that the 
Agropyron chromosome was involved reciprocal translocation with 
wheat chromosome and both translocation chromosomes were still present. 
Resistant plants and plants obtained following two backcrosses 
Thatcher were used transmission studies with the following results: 


Per cent 
Female transmission 36.4 (of 176 gametes) 
Male transmission 45.3 (of gametes) 
Transmission selfing 54.9 (of 430 plants) 


The transmission the translocation progenies from selfed plants 
lower than the 65.2 per cent expected the basis the observed male and 
female transmission. However, the figure for male transmission based 
only gametes and could easily too high. would unusual 
have translocated chromosome being transmitted more frequently through 
the pollen than the egg. Thirty-six and progenies from resistant 
parents were tested and only seven were homozygous for resistance. 
clear that the translocation not transmitted normally through the 
gametes and the rates appear different from those the other two 
translocations the series. Cytological examination homozygous 
plants showed that the common configuration was including one pair 
telocentrics. 


not yet possible determine whether one more translocations 
involved the material. The differences transmission through 
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the gametes suggest that there might three. However, the fact that 
all three plants gave some homozygous lines carrying telocentric pair 
suggests similar origin. 


show that spike did not carry either Sr7 Sr8, plants were 
test-crossed with lines carrying these genes. Both crosses segregated 
expected. Again interaction occurred between the Agropyron gene 
and 


(c) Neutrons 

Both the preceding experiments involved the irradiation spikes prior 
meiosis. Only low doses radiation could used and even then 
sterility was problem. was decided, therefore, irradiate seeds using 
thermal neutrons since they are known cause high frequency 
chromosome breakage without excessive reduction viability. 


The neutron irradiation was made possible the co-operation 
Seymour Shapiro, the Brookhaven National Laboratory, Long Island, 
New York. Two hundred and twenty seeds from rust resistant plants 
(P.W.327 and P.W.327 Thatcher’) which had plus 
added Agropyron chromosome, entire isochromosome telo- 
centric, were irradiated. The seeds were given total dose 8.12 10” 
neutrons per (12 hrs. flux 1.88 Two hundred and 
fourteen plants were grown greenhouse containing other common 
wheat. When tested with race 15B, the plants proved resistant 
and their pollen was used crosses with Thatcher. Fifty-two pollinations 
from plants set total 367 seeds. Only two hundred and eight 
seeds produced plants and these forty-eight were rust resistant. Two 
the forty-eight did not carry Agropyron chromosome, plant having 

The presence trivalent plant indicates that reciprocal 
translocation occurred between the Agropyron chromosome and wheat 
chromosome. Transmission studies gave the following results: 


Per cent 
Female transmission 50.4 (of 115 gametes) 
Male 36.1 (of gametes) 
Transmission selfing 66.8 (of 199 plants) 


The translocated chromosome carrying the gene for rust resistance 
evidently transmitted with normal frequency through the eggs but 
with slightly reduced frequency through the pollen. Three backcrosses 
have been made Thatcher. All resistant plants that have been examined 
cytologically still carried both translocated chromosomes. 

Transmission studies with the translocation from plant gave the 
following results: 


Per cent 
Female transmission 50.5 (of 109 gametes) 
Male 21.1 (of gametes) 
Transmission selfing 58.4 (of 154 plants) 


Again the translocation appears transmitted with normal frequency 
through the eggs but with reduced frequency through the pollen. For 
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some reason male transmission seemed lower plants that had been 
backcrossed three times Thatcher than plants from earlier generations. 


The efficiency neutrons producing chromosome breaks shown 
the fact that per cent the plants had least one translocation. 
Chains containing chromosomes were noted and several plants had 
three translocations. 


DISCUSSION 

The method using irradiation transfer gene from one species 
another, where the chromosomes involved are not homologous, was 
developed Sears (11). Sear’s material, the Aegilops chromosome 
carrying gene for leaf rust resistance was deleterious and was transmitted 
through the pollen with very low frequency. This acted selective 
mechanism eliminate the unchanged Aegilops chromosome and in- 
crease the frequency the desired translocations among the resistant plants 
derived from irradiated parents. the material used the present study, 
the Agropyron chromosome had deleterious effect. Since most the 
resistant progeny irradiated parents would, therefore, expected 
carry the unchanged Agropyron chromosome there was some question 
whether the amount cytology involved detecting the translocations 
would prohibitive. The results show that this was not the case. Al- 
though most plants did carry Agropyron chromosome, the frequency 
translocations was sufficiently high usable. 


Sears used only irradiation plants. However, the data reported 
this paper show that irradiation seeds can also successful. Seeds 
have advantage that they are more easily than plants and will 
survive larger doses irradiation. Furthermore, seeds can sent away 
for irradiation with neutrons which are particularly effective breaking 
chromosomes. 


work such that reported here essential demonstrate 
clearly possible that the recovered lines did not obtain their resistance 
either accidental outcrossing result mutations produced 
the irradiation. Outcrossing was found have taken place the first 
irradiation experiment which was carried out the field. However, two 
pieces evidence showed that two the supposed translocation lines 
did not result from outcrossing. First, test crosses demonstrated that the 
lines did not carry any the known genes for seedling resistance race 
Second, the presence Agropyron chromatin was indicated the 
failure the resistance transmitted through the pollen with normal 
frequency and its effect chiasma formation. later experiments 
the danger outcrossing was eliminated growing the plants green- 
house containing other rust-resistant wheat. 


prove that the irradiation caused translocations rather than muta- 
tions more difficult. However, number pieces evidence taken 
together indicate that mutations were not produced. First, every case 
the type reaction race 15B the translocated line was identical 
that lines carrying the full Agropyron chromosome. would most 
unlikely that the irradiation could produce five independent mutations for 
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rust resistance, all conditioning the same specific types rust reaction and, 
furthermore, that this reaction should the same that controlled the 
Agropyron gene. Second, the frequency occurrence resistant lines 
was greater than would expected for irradiation-produced mutants. 
And, finally, reduced transmission through the gametes more likely 
occur with translocation involving addition Agropyron chromatin 
and deletion wheat chromatin than, with mutation. 


evidence was obtained that the Agropyron chromosome had 
deleterious effect either plants gametes carrying it. However, the 
addition piece Agropyron chromosome wheat chromosome 
seems have varying effects different cases. Thus, only one trans- 
location transmitted normally through the gametes, while the other six 
show reduced rates transmission particularly through the pollen (it has 
been assumed that the line carries three translocations). Unfortunately, 
there appears way determining whether the effects the 
gameters are due the addition Agropyron chromatin the loss 
wheat chromatin. somewhat weak argument might made that, since 
the addition whole Agropyron chromosome has effect, whereas the 
loss wheat chromosome known reduce pollen viability, the effects 
the translocations are more likely due the loss wheat chromatin. 
The variation effect might depend the size the added piece 
Agropyron chromosome, the size the piece wheat chromosome which 
was lost, the particular wheat chromosome involved. 


The type resistance shown each the five lines carrying 
translocation appears identical that the parent plants which were 
irradiated. probable that most, not all, the translocations are 
different wheat chromosomes. Apparently, chromosome location does not 
affect the expression the gene for resistance. 


The original P.W.327 parent has been tested many countries and 
found have resistance most races stem rust. lines homozygous 
for the translocations become available they will tested with range 
rust races. While the material does not have immunity race 15B 
does provide one more source useful resistance this race. 


The success this program transfer Agropyron rust resistance 
wheat has been facilitated two things: first, the fact that wheat can 
stand the loss whole chromosome without serious deleterious 
effect, and, second, that the added Agropyron chromatin had serious 
effects except the gametes. families segregating for one the 
translocations, resistant and susceptible sibs showed observable differ- 
ences. Work now under way combine two more translocations 
one line test the effect rust resistance, chromosome pairing 
and plant morphology. 
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FERTILITY BARLEY AUTOTETRAPLOIDS 
II. THE RELATIONSHIP ANEUPLOIDY, DWARFING AND FERTILITY 
FOUR AUTOTETRAPLOID BARLEY 


for publication August 1960] 


ABSTRACT 

considerable number dwarf plants (16.4 85.7 per cent) was found 
generations four artificially-induced barley autotetraploids 
from the varieties O.A.C. 21, Brant, York and Montcalm. 

The Montcalm tetraploid, which was the lowest mean fertility, had the 
highest percentage dwarfs. the other three tetraploids there was 
apparent relationship between the frequency dwarfs and the mean per 
cent fertility. the tetraploid continuous selection for plants 
with high fertility did not reduce the occurrence dwarfs. 

Most the dwarf plants were aneuploids with 26, 27, 29, 
chromosomes, but plants with identical number chromosomes often 
showed differences phenotype. Among the aneuploids 29-chromosome 
plants were most frequently found. The 26- and 31-chromosome plants 
were completely sterile. Only low percentage the other aneuploid 
plants produced seed. considering the observed percentages dwarf 
plants and the ratio hypoploids hyperploids produced, the largest 
part sterility the four barley autotetraploids could attributed 
irregular chromosome distribution. 

INTRODUCTION 
The causes low fertility artificially induced autotetraploids have 
not been explained satisfactorily. Some authors (2, associate low 
fertility with high frequence multivalent chromosome association but 
others (1, 11, 13, 17) attribute low fertility genetic obscure 


physiological factors. 

Multivalent chromosome associations during meiosis may result 
unequal distribution chromosomes the gametes. The chance union 
such unbalanced gametes results the production aneuploid plants. The 
effect aneuploidy the morphology and fertility plants may vary 
the different tetraploid cereal crops. tetraploid maize, Randolph (12) 
reported that the addition deletion few chromosomes had very little 
effect the appearance the plants. the tetraploid Steel rye 
Miintzing (10) that the fertility, seed set occurred all, was greatly 
reduced with the deletion addition chromosomes. tetraploid barley 
aneuploid plants usually grow very poorly and often not even form 
heads (4, 16). 

study fertility four autotetraploid varieties barley (14), 
the authors observed number dwarf plants. Root-tip chromosome 
counts indicated that the dwarfs were mostly aneuploids. The percentage 
dwarfs differed from variety variety. Therefore, the relationship 
between the percentage dwarfs and fertility the four barley tetraploids 
was studied. 

This paper reports the percentage dwarf plants found the 
generations four barley autotetraploids, the chromosome numbers 
the dwarf plants, and the effect aneuploidy the fertility particular 
autotetraploid population. 
Ph.D. thesis submitted the Faculty Graduate Studies and Research, University 
Manitoba, the senior author. 


4Assistant Professor, Department of Field Husbandry, Ontario Agricultural College, Guelph, Ont. 
%Professor and Head, Department of Plant Science, University of Manitoba, Winnipeg, Man. 
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MATERIALS AND METHODS 

The material used this study consisted the generations 
four artificially-induced tetraploid barley varieties produced from O.A.C. 
21, Brant, Montcalm and The methods used induce polyploidy, 
determine chromosome number and the conditions under which each 
generation was grown, were described previously (14). 

The number dwarf plants and/or completely sterile plants were 
determined each generation. Considerable differences the morphology 
these plants were observed. Therefore, the generation the sterile 
and dwarf plants were classified into six distinct groups follows: 


D-1 Very small dwarf plants; single heads produced. 

D-2 Similar except for profuse tillering; normal leaf width. 

D-3 Similar except for very narrow leaves. 

D-4 Similar but the plants die early stage growth. 

D-5 Normal looking plants but shorter internodes; heads produced; few tillers. 

D-6 Similar but with more tillering; heads always produced but seed set 
main tillers. 


Root-tip chromosome counts were made all plants grown the 
generation. 


EXPERIMENTAL RESULTS 

The fertility four tetraploid varieties and the percentage dwarfs 
each four successive generations are tabulated Table The 
dwarf plants varied from low 16.4 York high 
85.7 Montcalm. The Montcalm tetraploid, which was unquestionably 
the lowest mean fertility, had far the highest percentage dwarfs. 
There was apparent relationship between the frequency dwarfs and 
the mean per cent fertility the other three tetraploids. For example, 
the generation Winnipeg, O.A.C. was slightly less fertile than Brant 
but had higher percentage dwarfs than the latter variety. But the 
generations the percentages were reversed. the generation York 
was considerably lower fertility than either O.A.C. Brant, but the 
percentage dwarf plants was intermediate between these two varieties. 
Nor was there consistent relationship between the percentage dwarf 
plants and fertility within variety. the generation grown Guelph, 
O.A.C. had the highest mean fertility obtained this variety and the 
lowest percentage dwarfs. the generation the fertility was almost 
high was but the percentage dwarfs was nearly doubled. 


minimize environmental effects and determine more accurately 
there was change the percentage dwarf plants successive genera- 


TABLE PLANTS Four GENERATIONS THE O.A.C. 
TETRAPLOID GROWN 1957 GUELPH, ONT. 


Dwarf plants per cent 


Generation 
Repl. Repl. Repl. Repl. Mean 
34.0 36.4 34.0 
35.4 38.2 35.6 
24.9 34.2 36.4 30.8 
33.3 34.0 32.3 36.4 34.0 


— 
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tions, four generations the tetraploid were compared 
replicated trial for frequency dwarfs. The results all the replications 
are presented Table From analysis variance, significant dif- 
ference the percentage dwarf plants among generations was obtained 
2.80). There was trend for increased decreased percentages 
dwarf plants any the four replications. 


The relationship between fertility and the percentage dwarf plants 
was examined more critically establishing two fertility groups the 
tetraploid and then comparing the percentage dwarfs the 
two groups through successive generations. One fertility group included 
all plants derived from that portion the preceding generation which had 
fertility below per cent. The second group was composed plants 
derived from the preceding generation having above per cent fertility. 
This arbitrary grouping applied the and generations. further 
refinement was made the generation which plants the below 
per cent group were derived from that portion the population that did 
not exceed per cent fertility any previous generation. Similarly, the 
above per cent group plants traced back plants with above per 
cent fertility all previous generations. The data are presented Table 

each the three generations the percentage dwarf plants appeared 
lower the group which had the higher fertility preceding genera- 
tions. The generation test was repeated Guelph 1957. four- 
replicated randomized block design, the mean per cent dwarf plants was 
34.2 and 27.9 the low and high fertility pedigree groups, respectively. 
This result was very similar that obtained the grown Winnipeg 
(Table 3). the basis analysis variance the difference the 
percentage dwarfs the two fertility groups Guelph was not signifi- 
cant 2.36). This, coupled with the fact that the percentage 
dwarfs was just large the generation was the generation 
the above per cent fertility group, considered evidence that 
selection for high fertility successive generations does not reduce the 
occurrence dwarf plants effectively. 


TABLE 3—PERCENTAGE DWARF PLANTS THREE SUCCESSIVE GENERATIONS 
FERTILITY PREVIOUS GENERATIONS 


Fertility previous generations 


Generation and Below per cent Above per cent 
Size Per cent Size Per cent 
population dwarfs population dwarfs 

Winnipeg 412 30.6 583 28.3 

Guelph 225 19.6 521 16.0 

Guelph 1870 26.3 3117 20.2 

Winnipeg 142 36.6 170 28.2 
Total 2649 4391 


Weighted mean 27.0 21.1 
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Reports the literature (14) and preliminary data from the genera- 
tion plants suggested that the dwarf plants were aneuploids. Therefore, 
the generation the chromosome number was determined for every plant 
the four tetraploid varieties tested (Table 4). 


The percentage aneuploid plants ranged from 21.9 Brant 38.7 
York. general, however, the differences among the varieties were 
relatively small. Aneuploids with 26, 27, 29, and chromosomes were 
found. The 29-chromosome plants were the most frequent the aneu- 
ploids found. The 27-chromosome aneuploids constituted the next largest 
group. The percentage 26- and 30-chromosome plants was relatively 
low and only one 31-chromosome plant was found. 


When the two fertility groups the O.A.C. tetraploid were clas- 
sified separately, was noticed that the group arising from pedigrees with 
low fertility produced more aneuploid plants than did the high fertility 
pedigree group. The increase was mainly the number 29- and 30- 
chromosome plants. 


Most the aneuploid plants had dwarf growth habit, but some 
normal-appearing plants were found the 27-, 29- and 30-chromosome 
groups. The highest percentage aneuploid plants classified normal was 
the 29-chromosome group. The second largest appeared 
the 27-chromosome group. addition the aneuploids, 77.8 per cent 
the plants with chromosomes the four autotetraploid barley varieties 
showed dwarf growth habit. 


The number different types dwarfs populations with 
chromosome numbers ranging from four tetraploid barley 
varieties presented Table The D-6 type dwarf was the most 
common. Types D-1 and D-4 were found least often, but where the 
populations were large, most the six types described were present. The 
same types dwarfs were observed the 28-chromosome group the 
aneuploid groups. 

The data presented indicate that given dwarf type was not associated 
with particular chromosome number and that the changes chromosome 
number basically autotetraploid barley population were not always 
reflected the morphological appearance the plants. 


CHROMOSOME NUMBERS TETRAPLOID BARLEY VARIETIES 


Number types dwarfs 


Chromosome Total dwarfs 
number Population p-1 p-2 p-3 per cent 


co 
— 
— 
n 


— 


130 CANADIAN JOURNAL PLANT SCIENCE 


Most the aneuploid plants were dwarfs and did not produce seed. 
The fertile ones, however, could have had some effect the mean fertility 
the tetraploid barley populations. The number and mean per cent 
fertility the plants with different chromosome numbers the genera- 
tion four autotetraploid barley varieties are given Table 


The 28-chromosome plants each tetraploid variety had higher 
fertility than the mean fertility the total populations reported Table 
The 26- and 31-chromosome plants were completely sterile. Also, most 
the 30-chromosome plants did not produce seed. Only few the 27- 
chromosome plants set seed and these would influence but slightly the mean 
per cent fertility. 

The effect the 29-chromosome aneuploids was more noticeable. 
O.A.C. 21, 15.6 per cent the population fertile plants had chromo- 
somes (Table 6). The fertility range these plants approached the range 
obtained the 28-chromosome group. The mean fertility, however, was 
considerably lower. Therefore, the 29-chromosome group would have 
distinct effect the mean per cent fertility. The differences between the 
total population and the 28-chromosome group were not large indicating 
that was mainly the 28-chromiosome plants that determined the fertility 
level the four autotetraploid varieties. 


DISCUSSION 


large percentage dwarf plants would reduce considerably the 
number productive plants autotetraploid barley population. 
some the dwarf types cannot compete with the normal plants, the loss 
could partly compensated for increased seeding rate. has been 
reported (5, 15) that autotetraploid barley varieties have lower ger- 
mination percentage than the diploid varieties. Taking into account this 
factor well the high percentage dwarf plants, the amount seed 
necessary obtain optimum stand autotetraploid barley would 
relatively high. Therefore, even the dwarf plants were not directly 
responsible for lower fertility, their elimination would desirable. the 
O.A.C. tetraploid, the percentage dwarf plants was not influenced 
continuous selections plants with high and low fertility for four genera- 
tions. This indicates that the number dwarfs relatively constant 
specific tetraploid variety and that new dwarf plants arise from pheno- 
typically normal plants the previous generation. 

Aneuploidy was usually associated with dwarfism and sterility. 
addition most the aneuploids, some the 28-chromosome plants were 
dwarf growth habit and were completely sterile. Smith (18) reported 
rosette-like plant with chromosomes autotetraploid Everest barley. 
explained being due unbalanced constitution chromosomes. 
similar explanation could applied the 28-chromosome dwarf plants 
obtained this study. these plants, apparently groups and 
homologous chromosomes were present, but the additional chromosome 
could not compensate for the loss the missing chromosome. 
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The data obtained this study indicate that three groups plants 
contribute sterility basically tetraploid barley population: 


Aneuploid plants that look normal but are low fertility. These may 
low because abnormal chromosome distribution disturbed 
physiological functions due aneuploidy itself. The extent sterility 
may depend the particular chromosome chromosomes involved. 


28-chromosome plants that appear euploid but are deficient for certain 
chromosomes and duplicated for others. Most these will probably 
dwarfs, but some may look normal and have low seed set. 


Normal 28-chromosome plants with balanced chromosome comple- 
ment. This the largest group and although the individual plants may 
have balanced chromosome complement, unbalanced system must 
develop number florets any one plant order explain satis- 
factorily the low fertility healthy plants with chromosomes. 
careful review the available data suggests that the proportion 
normal abnormal unbalanced gametes fairly low. 


Assuming sufficient supply normal functional pollen any floret, 
the following calculations the tetraploid indicate that the 
proportion female gametes with balanced chromosome 
indeed low: 


Sterile florets 53.7 per cent. The over-all average fertility (Table was 46.3 
per cent. 


Inviable seeds 10.2 per cent. This was calculated from data Table wherein 
out 400 seeds tested did not germinate, i.e. per cent 46.3 per cent. 


Known aneuploids 13.9 per cent. This was calculated from data Table 
wherein 120 the original 400 seeds were aneuploid, i.e. per cent 46.3 
per cent. 

28-chromosome seeds 22.2 per cent. Table 192 the 400 seeds were euploid, 
ie. per cent 46.3 per cent. this group, the 192 seeds 2.7 per cent 
the total population produced dwarfs and therefore are suspected being un- 
balanced chromosome constitution. 


The critical group the foregoing calculations the “known aneu- 
ploids” because the seeds obviously arose from unbalanced gametes. 
logical conclude that the 10.2 per cent “inviable seeds” and the 53.7 per 
cent “sterile florets” also resulted from unbalanced gametes. Thus the 
tetraploid only about per cent the gametes that are produced 
normal 28-chromosome plants are expected balanced. 


Gametes with added missing chromosomes will occur random. 
With different chromosomes, the particular chromosome chromosomes 
that are missing are excess would determine sterility would occur 
inviable viable seed would produced. The excess hyperploids 
(25.3 per cent) over hypoploids (13.2 per cent) (Table suggests that 
excess chromosomes less lethal than reduction number. Since 
each spike represents small sample the random occurrence aneuploid 
euploid gametes, the observed variation fertility from plant plant 
the O.A.C. tetraploid may considered due sampling differences. 


The percentage gametes with balanced chromosome number was 
calculated for each the other tetraploid varieties. 
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Less than per cent the Montcalm and approximately per cent 
the York gametes were determined have balanced chromosome 
complement. This variation from variety variety rather difficult 
explain. seems that variety like Montcalm has greater degree 
irregular distribution chromosomes than O.A.C. 21, and much more 
sensitive the loss addition chromosome. 


The high frequency aneuploids observed this study could result 
only from multivalent associations and subsequent irregular distribution 


the chromosomes. Further studies chromosome behaviour are necessary 
determine their effect fertility barley autotetraploids. 
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FIELD TESTS INSECTICIDES AGAINST THE THRIPS 
FRANKLINIELLA MORGAN AND TAENIOTHRIPS 
VACCINOPHILUS HOOD THE LOW-BUSH BLUEBERRY 


Canada Department Agriculture, Fredericton, New Brunswick 


[Received for publication May 1960] 


ABSTRACT 


The application insecticides the surface the soil the new 
sprouts are appearing following the spring burning blueberry fields has 
proved more satisfactory the control the thrips Frankliniella vaccinii 
Morgan and Taeniothrips vaccinophilus Hood than applications made 
other times. Aldrin sprays 0.75 pounds toxicant per acre and dieldrin 
dust 0.5 pounds toxicant per acre were significantly more effective 
plot tests against these species thrips than other insecticides tested. 
Sprays heptachlor, endrin, dieldrin and DDT and dusts heptachlor 
and DDT were not significantly different from one another. spraying 
not practical commercial blueberry areas the Maritime Provinces, 
per cent dieldrin dust pounds per acre was tested several com- 
fields, was effective plot tests, and recommended 
growers. 


INTRODUCTION 

The blueberry thrips, Frankliniella vaccinii Morgan, has become 
serious pest the low-bush blueberry recent years New Brunswick 
and Nova Scotia. Wood (4) reported the presence the thrips Taenio- 
thrips vaccinophilus Hood low-bush blueberry New Brunswick. 
found that its life-history and type injury were the same for 
vaccinii and that has increased numbers since 1951. 1930, Phipps 
(2) stated that Maine burning the infested spots mid-June was more 
effective than spraying dusting with nicotine sulphate spraying with 
lubricating oil emulsion. 1955, Lathrop and Boulanger (1) reported 
effective control, also Maine, with per cent DDT dust applied when 
blossom buds were separating the clusters. New Brunswick the 
found that per cent DDT dust and sprays DDT, parathion, 
and malathion applied fields approaching full bloom did not provide 
satisfactory control. 


The persistence thrips infestations the same locations fields for 
period years reported Phipps, the potential loss crops from 
injury caused the sprouts [Wood (3)], and unsatisfactory control the 
thrips obtained New Brunswick crop years prompted attempt 
control the thrips treatments applied the surface the soil the 


year. Blueberry areas are regularly burned the early spring every 


second third year produce new wood, upon which the fruit buds are 
formed. Areas are sprouts during the year burning, fruit being pro- 
duced the following year. The overwintering adult thrips emerge from 
the soil the new sprouts are appearing. Their feeding punctures cause 


the unfolding leaves the blueberry sprouts curl, forming galls. The 


eggs are laid within the galls, where the insects develop maturity. The 
galls afford protection from insecticides. 


1Contribution No. 27, Research Station, Research Branch, Canada Department Agriculture, 
Fredericton, N.B. 
2Unpublished data. 
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This paper reports the effectiveness various insecticides applied 
the surface the soil the sprouts are appearing for control the 
two species thrips. 

PROCEDURE 

1957, test plots were arranged quadruplicate randomized block 
design commercial blueberry field infested the thrips for several 
years. the sprouts appeared and the thrips adults emerged from the soil 
during period weeks, the plots were split; half each plot was 
treated May and the second half June when all most the 
sprouts had appeared. Each half-plot was feet square. 

The sprays were applied with stirrup pump mounted copper 
tank. The pump was equipped with 50-foot length spray hose and 
orchard-type spray rod having three-nozzle spray head with coarse disks 
offset degrees. Sufficient water was used each plot for even dis- 
tribution the insecticide. The dusts were applied when air currents 
were not apparent, with hand-turned duster. 

midsummer, the sound and thrips-injured sprouts were counted 
five 1-foot-square areas each plot, one the centre and one about feet 


TABLE 1.—MEAN PERCENTAGES THRIPS-INJURED SPROUTS 
BLUEBERRY AFTER TREATMENTS WITH VARIOUS INSECTICIDES 
May AND JUNE 


Percentage sprouts 


Toxicant injured thrips 
per acre, Adjusted 
Ib. mean? 
Treated Treated 
May June 
Aldrin, 50% w.p. 0.75 0.8 4.8 0.56 
Dieldrin dust, 0.5 12.7 0.86 
Heptachlor, w.p. 0.5 8.8 7.9 1.14 
Endrin, 20% w.p. 0.5 10.9 1.19 
Dieldrin, 25% w.p. 0.5 10.5 8.5 
Heptachlor, 10% dust 0.5 13.8 10.9 1.35 
DDT dust, 2.0 15.4 19.2 1.46 
DDT, 50% w.p. 2.0 14.4 12.5 1.50 
Aldrin dust, 0.75 20.3 22.9 1.56 
Endrin dust, 0.5 31.3 10.0 1.69 
Lime-sulphur 38.4 21.9 1.96 
Untreated 28.4 31.8 


1Aldrin, 1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4-endo, exo-5,8-dimethanonaphthalene (Shell Oil 
Company of Canada, Ltd., Toronto, Ont.) 


Dieldrin, 1,2,3,4,10,10-hexachloro-exo-6,7-epoxy-1,4,4a,5,6,7,8,8a,-octahydro-1,4-endo-exo-5,8-dimethanon-ph- 
thalene (Shell Oil Company of Canada, Ltd., Toronto, Ont.) 


1(or (Velsicol Chemical Corp., 
icago 


Endrin, 1,2,3,4,10,10-hexachloro-exo-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo, endo-5,8-dimethanonaph- 
thalene (Shell Oil Company of Canada, Ltd., Toronto) 


DDT, 1,1,1-trichloro-2,2-bis-(p-chlorophenyl)ethane (Chemagro Corp., Albany, N.Y.) 
Lime-sulphur (Niagara Brand Spray Co., Burlington, Ont.) 


2Adjusted by the formula log (x + 1). Any two means within the same bracket are not different significantly 
at the 5 per cent level; any that are not within the same bracket are significantly different. 


31 gallon of lime-sulphur in 8 gallons of water at 200 gallons per acre 
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diagonally inward from each corner. The number sprouts varied from 
180 550 per plot with average 250. the following year second 
count was made the thrips-injured and sound plants these plots when 
the berries were ripening. 

evaluation the treatments from counts made midsummer 
the sprout year the numbers sprouts injured per plot were transformed 
log analysis covariance made and the adjusted means ar- 
ranged order according Duncan’s multiple range tests. 


RESULTS AND DISCUSSION 


Dieldrin dust and aldrin spray allowed less injury thrips than any 
other treatment (Table 1). The plots treated June with these two 
materials had fewer than per cent the sprouts injured thrips. 
Records made the following summer indicated significant change 
the relative numbers thrips-injured plants within the plots. Results 
repeating the tests sprouts another area the following year were 
inconclusive because light infestations. However, thrips injury oc- 
curred the dieldrin dust spray plots heptachlor dust plot. 


Sprays cannot easily applied large blueberry fields the Maritime 
Provinces because their rough topography and because plant damage 
from heavy equipment. the other hand, power dusters are much lighter 
weight and the dusts can applied quickly over large areas. 
per cent dieldrin dust, applied with power duster approximately 
pounds per acre, was tested further number commercial blueberry 
fields the sprouts were appearing through the soil after burning. 
these tests confirmed its effectiveness against both species thrips, this 
treatment being recommended. 
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THE SEED VALUE FROST-DAMAGED WHEAT 
DETERMINED ITS COMMERCIAL GRADE, BUSHEL 
WEIGHT AND SEEDLING 


{Received for publication May 13, 1960] 


ABSTRACT 


the occurrence extensive frost damage August 1950 
nearly 300 samples bread wheat were collected from widespread area 
Saskatchewan. The adequacy the commercial grading system 
evaluat such grain for seed purposes was determined comparing 
grade and bushel weight each sample with its germination. Commercial 
grade reasonably reliable index frost damage wheat. 

Composite samples, consisting distinct types frost damage, served 
the basis for method germination and emergence in- 
dividual samples. The method provided satisfactory means deter- 
min the value frosted grain for seed. 

The effect certain treatments vigour seedlings from frosted 
wheat was tested means the various composite types. Seed treatment 
with mercuric fungic was found practicable and sha!low seeding 
into moisture was emphasized. Seed dressings with gamma BHC, the 
rate recommended for wireworm control, were more injurious frosted 
than sound wheat. Seedlings from frosted grain were more susceptible 
common root rot, sativum, and drought than seedlings from sound grain. 
The slower growth rate the former was doubtless contributing factor. 


INTRODUCTION 

Four times the past four decades frost has caused widespread and 
severe crop damage Western Canada. Although early autumn frosts are 
recurring hazard, damage often scattered and light and frequently 
confined the more northerly areas. One-half the grain crop was 
estimated damaged the autumn 1928 (14). Frost damage August 
1950 was even more severe. Estimates damage ranged high 
per cent Saskatchewan alone. 


The ability seed germinate and establish vigorous seedlings 
the field important factor crop production. Although limited sup- 
plies seed are normally held reserve, much the surplus grain was 
disposed prior July 31, 1950, which date signified the end the 
5-year Pool Agreement with Great Britain. This meant that farmers were 
almost entirely dependent frosted grain for their 1951 seed supplies. 
The following studies were designed provide much-needed information 
the use such grain for seed purposes. 

Harper (6) and Lugger (12) classified frost-damaged wheat either 
“frozen” “frosted” seed. Frosted kernels were reddish amber colour 
with possible surface blistering. “Frozen” seed was badly shrunken, opaque 
bronze, and lacked the usual translucent amber colour. “Frosted” seed 
varied germinability, often showing reduced vitality. seed 
was inviable. 
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Geddes al. (5) and Newton and McCalla (14) studied quality 
frozen wheat relation milling and baking. They divided frozen grain 
into four categories, namely, kernels showing bran frost, heavy frost, im- 
maturity green colour. 


number workers (9, 10, 11, 19) have conducted germination tests 
wheat seed damaged frost. general they agreed that the decrease 
viability was dependent upon moisture content the seed time 
freezing, temperature, and its duration. 


Lewis and McCalla (11) obtained satisfactory yields from low-germi- 
nating seed frosted wheat was sown clean land and accompanied 
favourable growing conditions. Similar observations were reported 
Fraser (4). 

DeLong (3) agreed with Johnson’s and Whitcomb’s (9) recommenda- 
tions that the sooner the wheat was harvested after freezing, the greater 
the yield. believed that frost damage interrupted and prevented 
translocation the foliage and that frost damage was cumulative tending 
increase from day day long there was moisture the kernel. 


MATERIALS AND METHODS 
Over 300 samples commercial wheat were obtained from all parts 
Saskatchewan from which 250 Thatcher and Rescue samples were 
selected for testing. The samples ranged bushel weight from 
pounds and grade from poor Feed No. Northern. Most them 
contained mixture different types frost-damaged kernels. Bushel 
weights were determined all samples before testing. Because small 
sample size, the kernels were measured small container, weighed 

grams, and converted bushel weight pounds. 


Standard germination tests were conducted all samples the Plant 
Products Division, Saskatoon, Saskatchewan. Two hundred seeds were 
placed between four moist blotters, the rate fifty seeds per blotter. 
Each lot seed was picked random with automatic, vacuum-operated 
planter. Broken kernels were accepted they consisted more than half 
kernel. After moistening and planting, blotters were placed trays 
tins, cold room where they were chilled for days 9°C. and 
per cent relative humidity. The trays were then removed germina- 
tors for days temperature 20°C. Ten days after planting normal 
and abnormal seedlings were recorded. Germination percentage included 
only the normal types. 


Because the wide range frost damage there were many abnormal 
types. These included: 


Seedlings with coleoptiles curved stunted. Occasionally the coleoptile curved 
360 degrees, finally growing through and splitting the caryopsis. 

Seedlings with very rough serrated coleoptiles, frequently oblong, flattened 
knobby the tip. 

Seedlings which the plumule split the coleoptile prematurely. 

Seedlings which was noticeably delayed. 

Seedlings with double sets coleoptiles and rootlets. 

Seedlings with roots growing 180 degrees opposed. One root occasionally grew 
directly through the seed piece longitudinally. 

Weak seedlings showing obvious signs disease. 


q 
4 
| 
on 
- 


< 
< 
< 
= 


Grade and germination sound and frost-damaged wheat. 


January, 1961] 139 
100 
ee 
8 ™ CR = 
ee 
: 
$ 
e 
‘ 
GRADE 


140 CANADIAN JOURNAL PLANT SCIENCE 


Standard grade samples for 1950, supplied the Board Grain Com- 
missioners for Canada Saskatoon, served basis for commercial grading. 
With the aid The Producers Grading Guide and the standard grade 
samples total 213 samples were checked for grade. should em- 
phasized that the authors were concerned with evaluation seed the 
basis commercial grades outlined The Canada Grain Act, 1930, 
with amendments date. These should not confused with the seed 
grades which are subject the regulations the Seeds Act, 1937*, which, 
turn, administered Plant Products Division. Commercial grades 
were used measure germinability because the unusually heavy 
demand for seed and the shortage normal seed supplies. 


Vitality tests were conducted wooden flats and greenhouse beds 
controlled temperature range 70°F. soil mixture parts 
clay loam part sand was used. Readings measurements were taken 
the 3-leaf stage growth, weeks after sowing, unless otherwise 
specified. Since number tests were conducted, the methods pertaining 
will discussed the appropriate section. 


EXPERIMENTAL RESULTS 
The Relationship Grade and Bushel Weight Germinability 


The potential seed value frost-damaged wheat was investigated 
initially comparing commercial grade and germinability 213 samples. 
Since increasing amounts injury are accompanied successive lower- 
ing grade, was interest determine grade would serve 
reliable index frost damage evaluating the use such grain for seed. 
Most the samples were graded elevator agents prior collection. 
provide uniformity, the grades were checked according the method 
outlined. the majority the samples, the original grades were retained, 
which testifies remarkable consistency the use the grading system. 
Variability germination, within and between grades, illustrated 
Figure 

The results emphasize the usefulness commercial grade evaluating 
such grain for seed purposes Western Canada. Generally high germina- 
tion was obtained the commercial grades, No. Northern, which 
are fixed statute, decreasing gradually the remaining grades, No. 
Feed. Grades No. and Northern, which exclude frosted grain, showed 
the variation germination. Lowered germinability this case was 
due other factors, probably pathogenic. Decreased germination due 
frost damage was slight No. wheat since only lightly-frosted kernels 
are permitted this grade. Similarly, the degree frost damage accepted 
No. wheat did not permit serious decrease germinability. How- 
ever, the tendency for variability germination became evident No. 
wheat, and increased with decreasing grade. The feed wheat samples 
exhibited wide range this respect. 


The relationship bushel weight and germination shown Figure 


new Seeds Act was enacted August, 1960, which supersedes the 1987 Act. 
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GERMINATION PERCENTAGE 


645 625 605 585 565 545 525 505 485 465 445 425 


BUSHEL WEIGHT POUNDS 


Ficure Bushel weight and germination sound and frost-damaged wheat. 


Large variations germinability were evident the first three classes. 
Since pounds per bushel the minimum weight allowed for No. 
wheat, these classes included the bulk the samples eligible for this grade, 
excluding frost damage. Even assuming some decrease germination due 
other causes, was evident that frost damage had impaired the germin- 
ability samples high bushel weight considerable extent. This 
tendency increased the classes with lowered bushel weight where per- 
centage germination dropped off markedly. The results showed clearly 
that bushel weight alone not reliable index germinability but simply 
aid the determination grade. 
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Classification and Testing Type Samples 

Less than the 274 samples bread wheat tested were eligible for 
the top two grades. The remainder contained various types frost 
damage, ranging extent from slightly-wrinkled severely-shrivelled 
kernels, Standard samples representing particular type frost damage 
appeared necessary. Sound seeds were included controls. Four distinct 
types were chosen, based visual appearance the kernels. Two sets 
type samples, one for Thatcher and one for Rescue, were selected. 
Vitality tests were conducted with these types only. Their description 
follows: 


Type Sound seeds showing frost damage. 
Type Bran frost damage only. 
Type Moderate frost damage, kernels slightly-shrivelled and often dark-coloured, 
bushel weight fairly high. 
Type frost damage, kernels severely shrivelled shrunken, bushel weight 
ow. 


Composite samples for each type frost-damaged wheat were derived 
bulking equal amounts seed from each farmer’s sample. The bulk 
sample was mixed thoroughly and sorted into the appropriate types de- 
scribed above. The composite each type, therefore, represented seed 
from numerous and widespread locations Saskatchewan. Presumably 
range intensity frost, length freezing exposure, and stage 
maturity when frost damage occurred was represented the seed each 
composite. The types are illustrated Figure 

The initial tests were designed determine the possibility predicting 
the approximate germination farmer’s sample frost-damaged wheat 
the basis its appearance. The tests were extended eventually in- 
clude emergence predictions. Theoretically the amount damage would 
depend number factors, such severity and duration frost, 
maturity grain time exposure, and weather conditions prior and 
subsequent frost. The visible effects frost ranged from very badly 
shrivelled and discoloured kernels only slight wrinkling the bran 
layer with change colour. the composite type samples were truly 
representative the various types damage experienced throughout the 
province, should possible divide farmer’s sample into the various 
types frost damage and predict its germination calculation from the 
known germination the composite types. addition, should pos- 


TABLE WEIGHT, GERMINATION, AND EMERGENCE 2-INCH 
Four TyPE SAMPLES SELECTED FROM WHEAT 


Bushel Percentage Percentage 
Type weight germination emergence 
samples 
Thatcher Rescue Thatcher Rescue Thatcher Rescue 
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sible predict the approximate emergence given sample the 
emergence particular depth were known for each composite type. 
Since seed which germinates but never emerges useless farmer, 
emergence predictions might even more useful. 

With these ideas mind, percentage germination and emergence from 
2-inch depth was determined for each composite type Thatcher and 
Rescue. The results, based 500 seeds per test, are shown Table 
Bushel weights are also included. 

The type samples Rescue, selected from relatively few samples, are 
not representative the Thatcher types. Nevertheless, the results are 
general agreement. 


Predicting the Percentage Germination and Emergence 
Individual Samples 
The method predicting germination and emergence illustrated 
example. farmer’s sample Thatcher, weighing 59.5 pounds per 
bushel and grading No. Northern, was treated taking 100 kernels 
random and dividing them into the component types. The number seeds 
each type was multiplied the percentage germination and emergence 
the appropriate type and the results were totalled the predicted germi- 
nation emergence. The method calculation shown Table 
Germination predictions were made farmers’ samples, selected 
random, ranging grade from No. Northern Feed and bushel 
weight from 64.5 pounds. Students working independently made 


TABLE PREDICTING GERMINATION AND EMERGENCE 
SAMPLE THE KNOWN COMPOSITE-TYPE VALUES 


Number Predicted Predicted 
Type germination emergence 
kernels Calculation per cent Calculation per cent 
30% 95% 28.50 30% 89% 26.70 
50% 88% 44.00 50% 75% 37.50 
17% 74% 12.58 17% 61% 10.37 
Predicted germination 86.5 Predicted emergence 75.4 
Actual germination 90.5 80.0 


Actual emergence 


similar manner the actual emergence individual farmers’ 
samples, taken random, was obtained sowing 100 seeds each sample 
2-inch depth the greenhouse. The means per cent predicted 
and actual emergence for the samples were 71.0 and 72.1, respectively. 
highly significant correlation was obtained. 

number experiments were conducted with the type samples 
both varieties. The object these tests was determine the effect 
various treatments the vigour seedlings derived from frosted seed. 
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more than one-half the predictions. The averages for predicted and 
actual germination the samples were 80.2 and 81.1 per cent, respec- 
tively. The correlation coefficient was highly significant. 
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TABLE 3.—PERCENTAGE EMERGENCE TYPE SAMPLES From Four SEEDING 


Depth 
Type inch inches inches inches 
95.5 90.5 76.0 28.5 
91.0 84.0 66.5 21.0 
75.0 67.5 35.0 4.5 
48.0 28.0 10.0 0.5 


Effect Depth Seeding Emergence Type Samples 

Two hundred seeds each type were sown each four depths 
varying from inches. The flats contained rows seeds each, 
consisting the four types addition 1949 sound wheat both 
varieties. The test consisted four completely randomized replicates. 
Plants were dug and readings were taken the 3-leaf stage. The 
emergence results for Thatcher and Rescue type samples did not differ 
signiticantly and therefore were averaged. The data are presented 
Table 


The effect depth seeding emergence produced some rather 
striking results. Sound wheat sown inches showed only 28.5 per cent 
emergence, poor emergence very badly frozen seed sown inches 
deep. The deleterious effects deep seeding should greater the 
case frosted seed and this shown the results. The reduction 
emergence sound grain with change depth seeding from inch 
inches was per cent. Similarly, there was per cent reduction for 
type per cent reduction for type and per cent reduction 
for type when the seeding depth was changed from inches. The 
results indicated that moderately frozen seed gave high percentage 
emergence when sown shallowly would obtained from uninjured deep- 
sown seed. The results emphasize clearly the danger deep seeding 
particularly with seed impaired vitality. 


The Effect Common Root Rot Infection Seedlings from 
Type Samples 


Each the four types Thatcher and Rescue was inoculated with 
the common root rot fungus, culture No. Helminthosporium sativum 
and B*. Seeds were dipped concentrated spore suspension which 
had been grown oat-hull media for days, and then were air-dried under 
greenhouse conditions, using method described Sallans (16). Treated 
and untreated seeds were then sown sterilized and unsterilized soil, 
flats, depth inch. The test was set randomized block 
experiment with three replicates. Fifty seeds were planted each treat- 
ment that the complete test six hundred seeds were sown for each 
type frost-damage. 


No. was obtained through the courtesy the Dominion Plant Pathology Laboratory, 
Saskatoon, Sask. 
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Percentage infection was determined the 4-leaf stage according 
the scoring system used the Dominion Plant Pathology Department, 
Saskatoon, and Simmond’s (17) formula. The results between sterilized 
and unsterilized treatments were similar and, therefore, were averaged. 
The data from 300 seeds each type sample both treated and untreated 
tests are given Table 


Similar results were obtained from type samples both varieties. The 
data indicated that frost-damaged seeds were more subject root-rot in- 
fection than sound seeds and the greater the degree frost damage, the 
greater the susceptibility the common root rot fungus. The results are 
agreement with Mead’s (13) findings that seed which has been injured 
frost more susceptible sativum than sound seed. was evident 
that the “untreated seeds” were exposed considerable contamination from 
root-rot inoculum this experiment. While the degree infection was 
less, the results were similar those obtained the treated series, sub- 
stantiating the fact that susceptibility increases greatly with increasing 
amounts frost damage. 


The Effect Seed Treatment with Mercuric Fungicide 
Emergence Type Samples 


The four types both varieties were treated with commercially 
recognized mercuric fungicide the rate recommended for farm practice. 
paired plot experiment was conducted greenhouse bed which 100 
seeds per row were sown inches apart depth inches. The paired 
plots were represented 100 treated and 100 untreated seeds. order 


TABLE 4.—PERCENTAGE INFECTION SEEDLINGS FROM SEED 
INOCULATED WITH sativum 


— + = — = = 


Untreated Treated 
Type 
sample 
Thatcher Rescue Thatcher Rescue 

24.0 24.3 60.4 
32.2 75.4 71.6 
48.4 51.4 81.0 
73.2 93.1 92.5 


TABLE 5.—PERCENTAGE EMERGENCE TyPE WITH AND 
CERESAN TREATMENT 


Thatcher Rescue 
Type 
sample 
Treated Non-treated Treated Non-treated 
99.0 94.0 95.5 97.5 
96.5 91.0 95.5 96.5 
87.0 91.5 83.0 83.5 
63.0 52.5 61.5 
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avoid injury overdose because samples, powder was added 
commercial Ceresan the proportion 1*. This dosage was 
equivalent ounce Ceresan per bushel wheat which the recom- 
mended rate. Non-treated seeds were dusted with talc only. Emergence 
results are shown Table 

Seed treatment with Ceresan had apparent effect emergence 
Rescue except with severely-frozen seeds. There appeared some 
beneficial effect with sound bran-frosted seeds Thatcher. slight 
decrease emergence occurred treated type seeds Thatcher and 
marked decrease resulted from treatment type seeds both varieties. 

The unexpectedly high emergence obtained throughout the test more 
difficult explain. While fairly wide and erratic differences might 
attributed variations sampling and the limited populations employed 
this does not explain satisfactorily the consistently high increase emer- 
gence. assume that was due Ceresan treatment must also 
assume that sufficient fungicide penetrated the adjoining area provide 
considerable protection the non-treated seeds. This seems unlikely. 
The above-average emergence might have been due lighter-type soil 
the greenhouse beds compared the soil mixture used the 
addition, the larger volume soil the former was packed less effectively 
after planting. 


The Effect Seed Treatment with Benzene Hexachloride 
Emergence Type Samples** 

Seed treatment with gamma BHC used combat wireworm damage 
field crops. experiment was designed test the effect this in- 
secticide the emergence seedlings from frost-damaged kernels. One 
ounce gamma BHC per acre recommended for cereals. Arnason and 
Fox (2) also state that rate higher than one ounce gamma BHC per 
bushel grain not recommended since may injure the seeds and young 
plants, and more effective killing wireworms preventing 
damage. The dressing should applied only sound, dry seed.” With 
this mind type samples were treated rates and ounces gamma 
BHC per bushel. The higher rate, which not recommended, was in- 
cluded for comparative reasons. Untreated seeds served the controls. 


Each treatment, four randomized replicates, was grown flats 
the greenhouse and consisted rows per flat, seeds per row. The 
results for 200 seeds each type each treatment were averaged and are 
presented Table percentage normal emergence. 


The data indicate clearly that the frost-damaged types were injured 
the insecticide much greater extent than the sound types. The effects 
were quite evident the treatment becoming much more pro- 
nounced the higher rate application. might expected, treat- 


ments, types, and the interaction between treatments and types showed 


highly significant differences. The results indicate that where lightly- 


proportional ratio has been worked out Vanterpool, University Saskatchewan, 
Saskatoon, Sask. 
sample seeds were treated the Dominion Laboratory Entomology, Saskatoon, Sask. 
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TABLE 6.—PERCENTAGE NORMAL EMERGENCE SAMPLES TREATED 
BHC 


Seed treatments 


sample 
Check-none BHC per bushel BHC per bushel 
92.5 81.5 20.0 
75.3 62.0 15.3 
51.7 31.5 7.7 


TABLE 7—PERCENTAGE SURVIVAL SEEDLINGS FRoM TyPE SAMPLES 
FOLLOWING EXPOSURE DROUGHT 


Per cent survival 
Type sample 
Thatcher Rescue 


damaged wheat used for seed purposes and treated the recommended 
rate ounce gamma BHC per acre combat wireworms, seeding 
rates should increased, depending the degree frost damage. 


Drought Resistance Seedlings Grown from Type Samples 
Thatcher and Rescue Wheat 

This experiment was designed test for differences drought re- 
sistance seedlings from the various frost-damaged type samples. Such 
information would useful where seedlings from frosted grain encountered 
dry conditions after planting. 

The test consisted four completely randomized replicates each 
variety, including sound wheat from the 1949 crop. Each flat contained 
seven rows, the outer rows being discarded eventually assist eliminating 
border effect. Following emergence, each row was thinned plants. 
After several preliminary tests was decided grow the various types 
under favourable conditions for weeks, after which watering was dis- 
continued for similar length time. the end this period the 
above-ground parts appeared completely dried out. Water was then sup- 
plied daily excess for days permit possible recovery. Plants show- 
ing green nodes, stems, leaves new tillers were classified survivals. 
Percentage survival, based 200 seedlings each type, shown Table 

The results indicated clearly that resistance drought the seedlings 
was correlated with the degree frost damage represented each type 
sample. Percentage recovery was high seedlings grown from sound 
seed, signified the 1949 check and type and was greatly reduced 
the seedlings from severely-shrivelled samples. 
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Growth Rate Seedlings from Type Samples 

From visual observations and information obtained previous tests, 
differences the growth rate the type samples both varieties appeared 
quite marked. Conspicuous differences were first noted when germi- 
nation tests were carried out. determine the magnitude these differ- 
ences, growth measurements were taken terms height and dry weight. 


Two hundred seeds each type sample both varieties were sown 
2-inch depth greenhouse bed the rate one hundred seeds per 
row. The test consisted two randomized replicates. Height measure- 
ments, centimetres, included the distance from the crown the tip 
the longest leaf. These were recorded and days after planting and 
are reported the average the two measurements. Dry weights included 
the parts above the crown and were determined after heating for hours 
105°C. and subsequent cooling desiccator. 


addition, plumule length seedlings from excised embryos 
Thatcher type samples was determined. Seeds were germinated initially 
Petri dishes moistened filter paper and embryos each type were 
excised when the shoots were millimetres length. Excised embryos 
and similar number sprouted seeds were then transferred culture 
tubes and supported strips filter paper. Spoehr’s (18) nutrient solu- 
tion was used the culture medium and the lower portion the tubes 
was covered with black paper permit root development. Culture tubes 
were aerated twice weekly. Plumule length was measured after days’ 
development the culture medium the greenhouse. Data for dry 
weight and height measurements are recorded Table 


Distinct differences growth rate seedlings from type samples 
both varieties were evident, becoming more pronounced with increasing 
amounts frost damage. one instance, bran-frosted type seed 


TABLE 8.—Dry WEIGHT PER 100 SEEDLINGS, AVERAGE HEIGHT 28- AND 30- 
SEEDLINGS SAMPLES, AND PLUMULE LENGTH 
SEEDLINGS FroM AND EMBRYOS THATCHER TYPE 


SAMPLES 
Average height Plumule length after 
Type Dry wt. per 100 28- and 30-day-old days nutrient 
samples seedlings (gm.) seedlings (cm.) culture (cm.) 
Thatcher Thatcher 
(intact seeds) 
4.7 33.0 
3.8 29.0 20.2 
2.8 26.0 16.1 
2.1 21.0 12.8 
Rescue Thatcher 
(excised embryos) 
4.2 35.0 
4.4 31.0 
27.0 6.8 
22.0 5.0 
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showed slight increase dry weight compared with sound type 
seed Rescue. mentioned previously, Rescue types were selected 
from only samples and thus were not truly representative. should 
noted also that the 1,000-kernel weight type was slightly higher 
than type Rescue. The tendency towards decreasing growth rate 
with increasing frost damage was quite evident the excised types but 
lesser extent. The sharp decrease growth rate seedlings from excised 
embryos types and sound and bran-frosted seed, respectively, sug- 
gested that considerable embryo damage had occurred the latter. While 
the degree embryo damage does not appear much less excised 
type than the increased injury the latter sufficient cause 
marked difference the growth rates the comparable, non-excised types. 


DISCUSSION AND CONCLUSIONS 

general, commercial grade appeared serve useful guide 
determining the seed value frozen wheat. This applied particularly 
the statutory grades since frost damage excluded from the top two grades 
and only slight damage permitted grades No. and Northern. 
Therefore, under the present system use Western Canada adminis- 
tered the Board Grain Commissioners under the Canada Grain Act, 
careful grading grain showing frost damage provides reasonable index 
its soundness. essential safeguard the grower’s own interest 
have reliable germination test carried out such grain which in- 
tended for seed use. Lewis and McCalla (11) have stated that “commercial 
samples graded below Northern should carefully examined for degree 
immaturity and frost exhibited, because the range maturity within 
these grades varies widely.” This study corroborated their findings. From 
total 213 samples, 177 graded below Northern. The range germi- 
nation the latter varied from 21.5 per cent. Variation germina- 
tion was clearly evident also each bushel weight range indicated 
Figure the weight range 62.5 pounds per bushel, germination 
differed much per cent. appears, therefore, that bushel 
weight merely aid establishing the grade frozen wheat sample. 
This apparent when realized that grade itself not entirely reliable 
index germinability frost-damaged wheat. 

According Lewis and McCalla (11), the 1,000-kernel weight may 
not particularly useful appraising seed value immaturity alone 
apparently not serious element reducing seed value wheat. the 
present study bran-frosted types both varieties exhibited the highest 
1,000-kernel weight. Because freezing conditions experienced 1950 were 
generally severe appears that those kernels which showed only bran-frost 
damage were probably well-filled and almost mature when oc- 
curred. sorting such type sample preponderance large kernels was 
doubt obtained. 

The system classification and method selecting distinct, composite 
types, based visual appearance frost damage, provided reliable means 
predicting germination and emergence frozen wheat. This does not 
apply germination has been impaired other factors, such heating. 
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Almost invariably additional margin safety was provided the fact 
that predictions tended slightly lower than actual values obtained for 
both germination and emergence. While moderately-frozen grain may 
used for seed should recognized that seedling vigour decreased 
relation the amount frost injury. Severely-shrivelled grain should 
not used for seed and should removed rigorous cleaning. 


The effect depth seeding emergence has been discussed 
some detail. evident that shallow seeding desirable the seed 
planted moist soil. This applies sound seed and especially seed 
reduced vitality. Since seed which germinates but never emerges 
useless the farmer, the importance avoiding deep seeding cannot 
over-emphasized. 

Results presented here indicate that frost-damaged seed considerably 
more susceptible common root rot, sativum, than sound seed wheat. 
The effect doubt enhanced increasing amounts seed-coat injury 
and the slower growth seedlings from frosted seed, thus providing the 
causal organism more opportunity establish infection. 


Hurd (7) studied the relationship seed-coat injury and viability 
wheat and barley seeds with regard their susceptibility moulds and 
fungicides. She found that death injury resulting from seed treatment 
other causes rendered previously immune seeds susceptible attack 
soil inhabiting saprophytes chiefly due seed-coat injury. the 
present study severely frozen type seeds were quite subject damage 
from Ceresan treatment. However, seeds this type are undesirable for 
seed purposes and treatment grain with lesser amounts frost damage 
appeared practicable. 


According Arnason and Fox (2) care should taken not exceed 
the recommended rate for control wireworms with gamma BHC. These 
precautions apply sound, dry seed. Limited results reported herein 
support their conclusions. Seed with only light bran-frost damage 
showed considerable injury the rate recommended for sound seeds. 
While lightly-damaged seed cannot recommended for wireworm treat- 
ment, the use such seed may necessary exceptional circumstances. 
Under these conditions the seeding rate should increased compensate 
for increased injury. 

Root development different stages growth varietal character 
and closely related drought resistance (1, 15). appears also that 
resistance drought directly related the degree frost damage. 
The increased growth rate seedlings from lightly-damaged seed 
comparison those from more heavily-damaged seed would permit estab- 
lishment more vigorous and extensive root system much shorter 
period time. Once established, such plants would draw upon larger 
volume soil for moisture and being stronger competitors would show 
higher survival under subsequent dry conditions than seedlings derived from 
the more heavily-damaged types. 

The data indicated that bran-frost injury did not seriously reduce 
germination and growth rate seedlings but was dependent large 
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extent upon the degree injury. The range frost damage within this 
type extended from slight wrinkling severe blistering the bran layer. 
The former exhibited little effect seedling vigour hile the latter showed 
some deleterious effect. The degree embryo injury was dependent upon 
the degree frost damage becoming very marked severely-frozen type 
seeds which obviously were quite immature when freezing 
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PHYSIOLOGIC SPECIALIZATION OAT STEM RUST 
CANADA FROM 1944 


Canada Department Agriculture, Winnipeg, Manitoba 


[Received for publication May 1960] 


ABSTRACT 


Annual race surveys oat stem rust have shown that races 
and predominated Canada from 1921 1944; races 10, and 
from 1945 1952; and races and from 1953 The increased 
prevalence races 10, and led increased rusting the rust- 
resistant varieties produced Canada between 1937 and The in- 
creased prevalence races and was little economic significance 
because these varieties were this group races. Race 7A, 
which differs from other cultures race being virulent Rodney, 
has increased slowly but steadily since its discovery 1952. Races 6A, 
8A, 11A, and 13A which are viru'ent Garry well Rodney have 
been found eastern Ontario and Quebec. The “A” signifies virulence 
the variety Rodney which resistant earlier cultures races 
11, and 13. Race virulent varieties with any all the re- 
sistance genes BC, and These are the only genes for resistance 
stem rust carried present-day varieties that are grown commercially 
Canada. Several sources resistance these new and dangerous races 
have been found. The variety 4023 appears have outstanding 
resistance. 


INTRODUCTION 


The races oat stem rust (Puccinia graminis sp. avenae Erikss. and 
Henn.) Canada have been identified annually since 1921. The distribu- 
tion races from 1921 1943 was recorded Newton and Johnson (10) 
and this report gives the race distribution from 1944 1959. 


Resistant varieties have been important factor affecting the pre- 
valence races. Races and predominated until 1944 but they were 
partially displaced races able attack the resistant varieties White 
Russian and Richland when varieties with their types resistance became 
widely grown. third type resistance became factor race dis- 
tribution 1952 when the variety Garry possessing new type resistance 
(15, 17, 18) effective against all known races was released farmers. The 
discovery 1957 two races virulent Garry (4, 12) and the persistent 
occurrence Eastern Canada these races and several others virulent 
Garry prompted this report oat stem rust races Canada and sources 
resistance them. 

Unfortunately, precise information losses from oat stem rust 
not available but the annual severity infection since 1944 known 
general way for the rust area Western Canada (Table 1). this area, 
comprising 5,000,000 acres Manitoba and southeastern Saskatchewan, 
losses were small after 1937 when the variety Vanguard with resistance 
from Hajira races and was released farmers. The oat 


crop was not again threatened until 1943 when races 10, and became 


1Contribution No. from Research Station, Research Branch, Canada Agriculture, Winnipeg, 
an. 

Pathologist, Research Station, Canada Department Agriculture, Winnipeg; Director, 
Research Station, Canada Department Agriculture, Winnipeg; and former Principal Cerealist, 
Research Station, Canada Department Agriculture, Winnipeg. 
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prevalent. These races predominated from 1943 1952 and the commonly 
grown varieties Vanguard, Ajax, and Exeter with similar rust resistance 
were susceptible. There were important epidemics 1944, 1945, 1947, 
and 1950. The increased prevalence race and the related races and 
between 1950 and 1954 had little economic significance owing the 
resistance the above-mentioned varieties these races. 1955 these 
races predominated but races 10, and increased the delayed fields 
these varieties and caused severe infection before harvest. Losses have 
been small since 1955 because the highly resistant varieties Garry and 
Rodney have occupied most the oat acreage and because races and 
12, which are avirulent Vanguard, Ajax, and Exeter, have predominated. 


METHODS AND OBJECTIVES 

The physiologic races rust collections from most Canadian Provinces 
are identified annually. Each collection increased the susceptible 
variety Victory and then inoculated the differential host varieties. 
The hosts White Russian, Richland, and Sevnothree have been used 
Canada for many years. description the races they differentiate 
and key are given Newton and Johnson (10). 1952 the new variety 
Rodney, with resistance from Hajira, revealed new race. Rodney 
resistant all races known before 1952 but that year some cultures 
race were found that could attack it. These cultures were called race 7A, 
the indicating virulence Rodney, and since 1952 Rodney has been 
differential host. 1957 and 1958 races 6A, 8A, and 13A were discovered 
North America. These races are important because they can attack 
Rodney and also the variety Garry which resistant all races known 
before 1957. Garry now used supplementary host help detect 
these dangerous races. 


Genetic studies have shown that each differential host variety carries 
single gene for stem rust resistance. The variety Richland carries the 
gene (18); White Russian carries gene (2, commonly referred 
the gene; and Sevnothree, like Jostrain, carries the gene (16). 
Earlier studies (18) indicated that Rodney carries two genes and but 
recent revealed only single gene. The resistance formerly 
attributed the action the genes and regarded this report 
monogenic type resistance conferred the “BC” gene. Garry carries 
the genes ABC (18). 


The main objectives continuing physiologic race survey are 
detect promptly new and dangerous races and ascertain whether 
not the prevalence known races has changed. The detection new 
and dangerous races can achieved, theoretically, collecting enough 
random samples ensure, statistical basis, the detection race 
that constitutes given fraction the rust population. The detection 
race comprising 1/1000 the rust population requires about 4650 samples 
the per cent level probability**, almost impossible volume 
work view the 100 200 collections that have been identified annually 


calculation Campbell, Canada Dept. Agriculture Research Station, 
Winnipeg, Man. 
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Winnipeg. Much greater efficiency obtained growing, many 
locations throughout Canada, resistant varieties which only new and 
dangerous races can develop vigorously. Identification any rust appear- 
ing the varieties reveals whether new race present. Changes the 
prevalence known races are determined collecting rust from farm 
fields, especially grown susceptible varieties, and susceptible wild oats 
(Avena fatua L.) and identifying the races present. 


EXPERIMENTAL RESULTS 

Distribution Races 

The annual frequency isolation the races oat stem rust 
Canada from 1944 1958 shows that several distinct fluctuations have 
occurred the prevalence races. These fluctuations are shown 
Figure which the original data have been condensed grouping the 
races according the reaction the varieties White Russian and Richland. 
Races and are avirulent both varieties; races and are 
virulent White Russian; races 10, and are virulent Richland; 
and races and are virulent both varieties. This grouping ignores 
the other differential host variety, Sevnothree, which has not been im- 
portant source resistance. 


The distribution the race groups can related the genes for 
rust resistance present widely grown commercial varieties. Races 
and predominated from 1921 1944. About 1944 susceptible varieties 
such Victory and Gopher were displaced the varieties Vanguard, 
Ajax, and Exeter which carry the gene and are resistant race groups 
change varietal distribution played important part the predominance 
races 10, and from 1945 1952. Johnson (7) has stated that the 
overwhelming predominance races and from 1953 1957, resulted 
from change the United States from varieties carrying the gene 
varieties with the gene that are susceptible races and and 
resistant races 10, and 11. The varieties grown the United States 
apparently had much greater effect race distribution than the varieties 
grown Canada. 

The annual frequency isolation the various race groups and 
race geographic regions (Table indicates that similar fluctuations 
the prevalence all races except and occurred each geographic 
region. Races and have been found much more frequently the 
Maritime Provinces, Quebec, and Ontario than the Prairie Provinces and 
British Columbia. Why they have not become prevalent the Great Plains 
region not clear. They are capable attacking all varieties grown 
before Rodney and Garry. Presumably environmental conditions the 
Great Plains region not favour them and are more important their 
increase than pathogenic capability. 


Race was discovered Canada 1952 and has steadily increased 
prevalence, especially Western Canada. The widespread cultivation 
the rust area the variety Rodney (Table 1), which resistant all 
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TABLE GEOGRAPHIC REGIONS GROUPS RACES AND 
Oat STEM EXPRESSED THE NUMBER ISOLATES OBTAINED ANNUALLY. 


Maritime Provinces 


Race Per cent 
race group of total 
1 
191212 921 14-23 31.5 
0.4 
Total 100.0 
Quebec and Ontario 
race group mm tt of total 
Total 100.0 
Prairie Provinces 
race group of total 
Total 
British Columbia 
WA NO OM DOA 
race group of total 
Total 100.0 


1 A dash signifies no isolate was obtained 
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the races found there except 7A, has been important the increase this 
race. The selective effect Rodney favour race probably has 
distorted the data from race surveys that the histogram Figure 
indicates too great prevalence race 7A. This race has not damaged 
Rodney appreciably the rust area. 

The discovery races and 13A Quebec and New York State 
1957 (4, 12) and their reappearance 1958 and 1959 along with races 
and 11A commands attention because these races can attack the variety 
Garry which, until 1957, was resistant all North American races and was 
widely used breeding programs source resistance. From the 
economic standpoint race potentially the most important race because 
can attack varieties with genes BC, and either singly 
combination. All present North American commercial varieties depend 
one more these genes for their resistance. 


The frequency occurrence races 6A, 8A, 13A, and 11A may 
exaggerated the data Figure and Table 1957 races 
and 13A were found only St. Anne Pocatiére Quebec. 1958 
race occurred again St. Anne Pocatiére and Williamstown 
Ontario; race 13A was found again St. Anne and 
L’Assomption Quebec, and Appleton, Kemptville, and Merrickville 
Ontario; race was found St. Anne Pocatiére and St. Anne 
Bellevue Quebec, and Appleton and Ontario. 1959 
race was found St. Anne and Quelle 
Quebec and Merrickville and Appleton Ontario; race 13A St. Anne 
Pocatiére and Merrickville; race St. Anne Pocatiére and 
Appleton; and race 11A Merrickville and Appleton. These new races 
have been found only seven locations eastern Ontario and Quebec, 
but these locations they appear predominate. 


The possibility that these new and dangerous races originated 
barberry has been discussed (4) but direct evidence was lacking. the 
spring 1959 collections* were obtained from barberry bushes the 
localities which the races were found: collections were from Kempt- 
ville, from Appleton, from Merrickville, from Ottawa, and from 
Burretts Rapids Ontario; were from St. Anne Quebec. 
Aeciospores discharged from the infections were inoculated wheat, 
oats, rye and several grass hosts. Infections were obtained with the 
collections but only them produced infections oats. Single col- 
lections from Kemptville and Appleton, Ontario, infected oats and the 
cultures were race 13A; third collection from St. Anne Pocatiére 
infected oats and was race The isolation race 13A from barberry 
collected the localities which the new races have appeared indicates 
that race 13A, and probably the other races, originated hybridization 
barberry. The isolation race from barberry indicates that the 
prevalence races and eastern Canada may associated with the 
presence barberry. 


barberry were obtained through the co-operation MacRae collections); 
F. J. Zillinsky (7 collections); I. L. Conners and Duncan W. Stewart (5 collections); and F. M. 
Gauthier (4 collections). 
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RACE 


3,7 


Frequency isolation Canada groups physiologic races and 
race oat stem rust from 1944 1959, expressed percentage the total 
isolates each year. 
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SOURCES RESISTANCE 


There are relatively few different types resistance oat stem 
rust. North America the varieties Richland gene) and White 
Russian gene) have been used sources resistance for many years. 
The so-called “Canadian” type resistance (BC gene) has come into use 
more recently and, since the discovery race 13A, apparently different 
type (or types) resistance has been found. 

The resistance the varieties produced Winnipeg, with single 
exception, was derived from the variety Hajira. The varieties Vanguard 
gene), Ajax gene), Rodney (BC gene) and Garry (ABC genes) 
inherited their resistance from Hajira but Exeter gene) inherited its 
resistance from Rusota. Two genes appear condition the resistance 
the Winnipeg varieties, and until 1957 the combination these two genes 
the variety Garry gave resistance all North American races. 

The discovery 1957 and subsequent years races 6A, 8A, 11A, 
and 13A, all virulent the ABC combination genes, created new 
problem breeding resistant oats. Browning (1) quickly located resist- 
ance race 13A several varieties but did not test varieties that might 
carry the gene. The search for resistance race 13A Winnipeg 
was carried out with varieties from the world collection that were highly 
resistant the field 1958 and with other varieties obtained from the 
Cereal Breeding Laboratory, Winnipeg. the investigation plants 
resistant race were found the variety R.L. 524, ancestor 
Garry and Rodney from the cross Hajira Banner. These resistant plants 
were grown maturity and increased. Several lines established from 
different plants were resistant all races used later tests and were 


TABLE PRODUCED SEEDLINGS OAT VARIETIES THE 
GREENHOUSE RACES STEM RUST 


Physiologic race 


* Varieties found resistant to race 13A by Browning (1) 
Hajira x Banner 
Hajira x Joanette 
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indistinguishable rust reaction. This discovery prompted the testing 
race 13A the available lines derived from Hajira. Several resistant lines 
were found (Table 3); 4023 (Hajira Joanette) appeared most re- 
sistant. The discovery that Hajira possesses, addition the and 
genes, still another type resistance was unexpected. Apparently all the 
genes currently required for the control stem rust Western Canada 
occur this heterogenous variety. 


The results several infection studies (Table show that R.L. 

Sel. and the varieties identified C.I. numbers are resistant 
resistant selected group races including 6A, 8A, and 13A. Although 
the varieties identified numbers are resistant all races evident 
that 3030, 3031, 3037, 3038, 3039, and 3040 have 

low order resistance race they were susceptible race 
other tests (Tables and and since race was isolated from large 
pustules field grown plants 3030 and 3037 Winnipeg 


1958, their resistance alone may not adequate for field use. 


The reaction several the varieties resistant races 6A, 8A, and 
13A shown Figure 


The reactions shown Tables and demonstrate that the resistance 
all the varieties shown, except Richland, not temperature stable. 
“breakdown resistance” high temperature occurred with all races but 
was less evident with races and 8A. The varieties derived from Hajira, 
except R.L. 524 Sel. and Rodney, did not become susceptible high 
temperature the other varieties. The practical importance the ‘high 
temperature breakdown” resistance difficult evaluate under green- 


TABLE 4.—INFECTION PRODUCED SEEDLINGS OAT VARIETIES 
AND Low TEMPERATURES THE GREENHOUSE! 


Physiologic race 


| | 

R.L. 524 


' Low temperature greenhouse waned from mean daily high of 62.3° F. to mean nightly low os 59.9° F.; 
high temperature greenhouse ranged from mean daily high of 82.8° F. to mean nightly low of 80.8° F. 
Supplementary light was supplied from 5.00 p.m. to 10.00 p.m. by fluorescent tubes. 
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TABLE 5.—INFECTION TyPES PRODUCED SEEDLINGS VARIETIES 
AND Low TEMPERATURES CONTROLLED ENVIRONMENT 


Physiologic race 


| 


3030 
3037 
3038 
3039 
3040 
4020 
4023 
4539 
Richland 
Rodney 


~ 


Nm 


N 


NN 


wk 


'Low temperature cabinet at about 70° F.; high temperature cabinet ranged from 80° to 90° F.; 16-hour day 
under fluorescent tubes 


house and growth chamber conditions. Rodney, which also suffers from 
this defect, has never been seriously attacked the field Western Canada. 


The data obtained under three sets conditions (Tables 
presented demonstrate, not only that temperature important this 
loss resistance, but that resistance was not clearly expressed some 
instances under well-controlled conditions growth chambers relatively 
low temperature (70°F.). The resistance R.L. 524 Sel., 3030, 
3037, 3038, 3039, and 3040 races and was detected more 
easily the greenhouse than the growth cabinet. 

The severity infection some varieties under field conditions 
(Table differs sharply from the greenhouse results. 1959 Appleton, 
Ontario, where race predominated, 3030, 4020, and 4539 
were severely attacked. The most resistant varieties the nursery ap- 
peared the R.L. 524 selections and especially dis- 
crepancy between field and greenhouse tests explain but the 
confirmation the high resistance 4023 interest. adult 
plant test the greenhouse R.L. 524 Sel., 3031, 3038, 3039, and 
4020 had moderately resistant infections the leaf sheaths and sus- 
infections the necks. 4023 had moderately 
infections the necks well the leaf sheaths. 


DISCUSSION 
Flor’s work with flax has stimulated interest the use differential 
varieties carrying single genes for resistance. discussions the use 
single-gene lines little attention has been paid the work done 
with oats and oat stem rust, although lines oats with single genes for 
resistance have been used differential hosts since 1921 least. Race 
identification has been reasonably precise the varieties White Russian 
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GARRY R.L.524 Sel 


C.1.4023 61.3030 


C.1.3037 C.1. 3038 


RACE 6 


q 
GARRY 
RACE 


GARRY R.L.524Sel 0.1.4023 


RACE 


if 


C.1.3038 C.1.3039 
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Reaction oat varieties races 6A, and 
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6.—FIELD REACTION OAT VARIETIES STEM Rust 


Field Severity 
infection,? 
Variety Winnipeg, Appleton, Ont. 
Man. 
1958 1959 
Garry Heavy (S) 
Rodney Heavy (S) 
R.L. 524 Sel. (Hajira Banner) Light (R) 
524 Sel. (Hajira Banner) Light (R) 
C.1. 3030, Hull-less R-S Heavy (S) 
3037, Kherson No, R-S Trace moderate 
3038, Kherson No. R-S Trace light 
3039, Kherson No. Light 
3040, Kherson No. R-S Moderate heavy 
4020, Victoria (Hajira Banner) Heavy (S) 
C.1. 4023, Hajira Joanette Trace (R) 
4539, (Victory R.L. 1272) Heavy (S) 


» Artificial epidemic of common races including race 7A. Race 7 was isolated from C.1, 3030 and C.1. 3037. 

2 Data obtained by F. J. Zillinsky, Cerealist, Genetics and Plant Breeding Institute, Canada Dep: artment 
of Agriculture, Ottawa. Natural epidemic, mostly race 6A (isolated from Garry, Rodney, R.L.524 selections, 
C.1. 3030 and C.I, 4023); races 7, 8A and 11A also present. 

3 HR—highly resistant, R—resistant, S—susceptible, R-S indicates R and S infections on the same plant. 


and Richland which have stable and characteristic reactions all races. 
Races distinguished the reaction the variety Sevnothree are not 
clearly defined because the resistance this variety sharply influenced 
temperature. Cultures identified races 10, 12, and low 
temperatures might identified races and respectively high 
temperatures. addition serving differential hosts the varieties 
carrying the single genes were for many years the only sources resistance 
and the commercial varieties derived from them were possibly the most 
important factor determining the prevalence races. White Russian and 
Richland were used extensively sources resistance but Sevnothree, 
which was used rarely, has not been important factor influencing race 
distribution. When races appeared which were capable overcoming the 
resistance conferred single gene, for example the White Russian 
gene, these races would tend become predominant. 


The accumulation virulence races such both alarming 
and interesting. alarming because indicates, within the limits 
our present evidence, that there restriction the range patho- 
genicity that can accumulate race. this so, there would little 
hope producing variety that would remain resistant for long period. 
This may apply the barberry areas where non-allelic genes 
for pathogenicity may come together all possible combinations, but 
may less important for non- barberry areas. already mentioned, one 
the most widely pathogenic races (race known before 1957 has failed 
become idely prevalent the central Great Plains North America 
but has become prevalent the barberry areas where probably ori- 
ginated. Perhaps races 6A, 8A, 13A, and 11A also may not well- 
adapted conditions the Great Plains region, but their pathogenic 
capabilities and vigour greenhouse tests not encourage much optimistic 
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because, with the discovery 6A, all possible combinations virulence 
the well-known types resistance have been found, except races 1A, 2A, 
and 5A. Genes for virulence varieties carrying the resistance genes 
BC, and appear independently inherited. This host-pathogen 
gene system may resemble that described Person (11) but the small 
amount available evidence (6) indicates that virulence the gene and 
the gene governed two factors. 


Races virulent Rodney are present northern Europe well 
North America. Gustavson (5) found races 3A, 4A, 6A, and Sweden 
these races have been prevalent Sweden for some 
time. reports that races and also occur Sweden. The 
absence races and and the predominance race area 
where little work has been done towards the production resistant varieties 
sharp contrast the North American situation where races and 
predominated until resistant varieties were widely grown. 


Recently heterokaryosis and somatic hybridization have been postulated 
means origin new races rust (9, 13, 14) but the importance 
these sources variability nature not yet clear. they play signi- 
ficant part originating new races, recombinations factors for virulence 
would expected regions like the Great Plains North America 
although barberry probably longer direct importance the area. 
Race has occurred commonly the central Great Plains region since 
1952 but virulence the gene comparable that possessed race 
has not been found any other race that area. This characteristic was 
first found other races barberry areas. Apparently, where barberry 
exists, the most important source new races. 
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ABSTRACT 


One application 1.25 pounds DDT, 0.50 pound dieldrin, 1.0 pound 
heptachlor per acre when the alfalfa had just started bud practically 
eliminated Adelphocoris spp. and Plagiognathus medicagus before they 
caused noticeable damage, and kept Liocoris spp. infestations below 0.3 per 
sweep throughout the season replicated plot tests 1956 and The 
residual toxicity provided these treatments should ensure adequate 
control plant bugs alfalfa grown for seed the northern agricultural 
areas Western Canada. 


One application 0.75 pound DDT 0.5 pound heptachlor effectively 
controlled Adelphocoris spp. and medicagus, but permitted Liocoris spp. 
infestations reach about 2.0 bugs per sweep after weeks. The 
residual toxicity provided these treatments would not adequate 
prevent damaging infestations Liocoris spp. from developing some 
years. 

INTRODUCTION 

The most important insect pests alfalfa grown for seed the 
northern agricultural areas the Prairie Provinces are several species 
Miridae, including Plagiognathus medicagus Arrand, Adelphocoris lineo- 
latus (Goeze), Adelphocoris rapidus (Say), Liocoris unctuosus Kelton, 
Liocoris borealis Kelton, Liocoris lineolaris (P. B.), and Liocoris rufi- 
dorsus Kelton. 

The control present recommended for this complex involves burning 
the alfalfa stubble and debris before growth starts the spring, and apply- 
ing 0.75 pound DDT per acre when the alfalfa well budded but before 
flowering general (2). The burning destroys the overwintered eggs 
medicagus, lineolatus and rapidus; the DDT controls the Liocoris 
spp., which overwinter adults and move into the alfalfa lay their eggs 
the spring and early summer. Where thorough early spring burning 
not practicable, often the case, two applications 0.75 pound DDT 
may required, the first when buds begin appear control medicagus 
and Adelphocoris spp., the second when buds are well formed but before 
flowering general, control Liocoris spp. (2). 

Tests were conducted 1956 and 1957, the Nipawin district 
northeastern Saskatchewan, find single insecticide application that 
would effectively control this mirid complex alfalfa seed fields where 
spring burning not practicable. 


MATERIALS AND METHODS 
Tests were conducted two alfalfa seed fields 1956, and one 
1957. each field the treatments were applied half-acre plots trip- 
licated, randomized complete blocks. 
The insecticides tested’ and the rates and times application are shown 


1Contribution No. 61, Canada Department of Agriculture Research Station, Saskatoon, Sask. 

2Research Officer, Entomology Section. 

8DDT (1,1,1-trichloro-2,2-bis (p-chlorophenyl) ethane), heptachlor (l(or 3a), 4,5,6,7,8,8- 
heptachloro-3a,4,7,7a-tetraphydro-4, 7-methanoindine), dieldrin (1,2,3,4,10,10-hexachloro - exo - 6,7- 
epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo, 
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(1957) 


PLANT BUGS PER SWEEP WITH 15-INCH NET 


(2) 


JUNE JULY AUG. JUNE JULY AUG. JUNE JULY AUG. 


Total-mirid infestations treated and untreated alfalfa plots before and 
intervals after insecticide application. Curve (1): two-spray treatment 0.75 pound 
DDT, first application early bud stage, second early blossom stage (previously 
recommended treatment unburned fields). Each curves and represent the 
mean for single-spray treatments that did not differ significantly residual infestations 
any sampling date. Curve (2): 1.25 pounds DDT, 2.0 pounds DDT, 1.0 pound 
heptachlor, and 0.50 pound dieldrin, applied early bud stage. Curve (3): 0.75 pound 
DDT and 0.50 pound heptachlor, applied early bud stage. Curve (4): untreated 
check. Vertical line through curves indicate dates insecticide applications. 


Figure Emulsifiable concentrates the insecticides were diluted with 
water that the required dosage for each treatment could applied 
spraying the alfalfa with 4.5 gallons solution per acre. The sprays were 
applied with calibrated, low-pressure, low-volume, boom sprayer. 


Mirid infestations the treated and untreated plots were determined 
sweeping the alfalfa with 15-inch insect net before and regular inter- 
vals after insecticide application. One hundred sweeps were made each 
plot each sampling date. The effectiveness the various treatments 
was determined comparing, analysis variance the per cent 
level probability, the residual infestations that survived them. Mature 
seed pods were collected random from each treatment one block 
the 1957 tests. From these samples the weight seed, number seeds per 
pod, and the percentage that germinated were determined. 


RESULTS AND DISCUSSION 
Figure shows the total-mirid infestations the treated and untreated 
plots before and intervals after insecticide application each experi- 
mental layout. 
Because the mirid complex Field was predominantly medicagus 
and Adelphocoris spp., peak infestations the untreated plots (curve 


(4) 
5.0 
4.0 
3.0 
2.0 
1.0 
0.8 
0.7 
0.6 
(2) 
| 
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were present earlier than the other two fields where the complex was 
predominantly Liocoris spp. 


Insecticide application, though early enough destroy medicagus 
and Adelphocoris spp. before they had caused noticeable damage, was 
delayed long possible minimize the period residual toxicity 
required control the Liocoris spp. which hatch later and over longer 
period. Adelphocoris spp. were predominantly second- third-instar 
nymphs, and medicagus were predominantly third- and fourth-instar 
nymphs when the single-spray treatments were applied. Hatching these 
species, which overwinter the egg stage, was practically completed within 
weeks after insecticide application. spp. hatch, however, was 
only starting when the treatments were applied; most the nymphs present 
were the first instar. 1956 (Fields and Liocoris spp. first-instar 
nymphs were present noticeable numbers the untreated plots weeks 
after the insecticide treatments. 1957 (Field Liocoris spp. hatch was 
more concentrated than 1956 and first-instar nymphs were observed 
the untreated plots weeks after treatment. 


All treatments practically eliminated medicagus and Adelphocoris 
spp. All treatments reduced total-mirid infestations less than 0.1 bugs 
per sweep with 15-inch insect net within hours, and kept them below 
0.3 bugs per sweep until weeks after treatment. During this period 
differences infestation between treatments were not significant. Sub- 
sequently, infestations following the single-spray treatments with 0.75 
DDT 0.5 pound heptachlor (curve were significantly 

igher than those following the other treatments (curves and 2), and 
reached about 2.0 bugs per sweep, almost exclusively Liocoris spp., the 
6-week sampling date. 


Data the development Liocoris spp. hatch over 12-year period* 
indicate that the period residual toxicity provided these two treatments 
the lower dosages (curve would higher populations develop 
some years. Previous work (1) indicated that infestations two six 
Liocoris spp. per sweep could cause appreciable reductions seed yield. 
Therefore these treatments, applied early enough prevent serious 
damage medicagus and Adelphocoris spp., could not relied 
provide adequate control Liocoris spp., and they were not included 
the 1957 tests. However, the fact that the 0.5 pound per acre application 
heptachlor provided period effective residual equal that 
0.75 pound DDT suggests that might substituted for that treat- 
ment control Liocoris spp. fields where spring burning has eliminated 
medicagus and Adelphocoris spp. 


The single-spray treatments with 1.25 2.0 pounds DDT per acre, 
0.5 pounds dieldrin, 1.0 pound heptachlor, (curve were 
effective the previously recommended two-spray treatment with DDT 
(curve 1), and kept infestations below 0.3 per sweep throughout the season. 
Differences infestation between curves and were not significant any 
sampling date. These treatments provided enough residual toxicity 


records the Canada Agriculture Research Station, Saskatoon, Sask. 
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TABLE WEIGHT, AND PERCENTAGE GERMINATION ALFALFA 
SEEDS FROM AND UNTREATED 1957 


Seeds Weight Per cent 
per pod! seed (mg.)! germination? 

Single-spray treatments 

DDT 1.25 4.7 881 

DDT 2.0 4.2 903 

Heptachlor 1.0 Ib. 4.5 903 

Dieldrin 0.50 4.7 989 
Two-spray treatment 

DDT 0.75 4.1 875 
Untreated 2.8 238 


1From 200 pods collected at random from each treatment : 
2Sample of 100 seeds; tested by Plant Products Division, Marketing Service, Canada Department of Agri- 
culture, Saskatoon, Sask. 


destroy nearly all the Liocoris spp. nymphs hatching for weeks 
after treatment. Data the development Liocoris hatch during the 
past years* indicate that the weeks residual toxicity provided 
these treatments should keep infestations below per sweep Northern 
Saskatchewan. 


The 1.25 and 2.0 pound rates DDT caused some twisting and 
yellowing the upper branches and leaves the alfalfa. This condition 
was evident week after treatment but had almost disappeared weeks 
later. evidence phytotoxicity was observed the alfalfa treated 
with dieldrin, heptachlor the 0.5 pound rate DDT. The small dif- 
ferences number, weight and percentage germination seeds between 
treatments (Table suggest that the slight phytotoxicity the heavier 
dosages DDT had little any effect seed yield quality. The 
statistical significance these small differences could not measured 
because lack replication pod sampling. 


REFERENCES 
McMahon, The role insects the production alfalfa seed. Rept. B.C. 
Agron. Assoc. Conf., pp. 58-68. 


McMahon, and Arrand. Control plant bugs northern alfalfa seed 
fields. Canada Dept. Agr. Publ. 949. 1955. 
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THE EFFECT MALEIC HYDRAZIDE CERTAIN 
CHEMICAL CONSTITUENTS FLUE-CURED 


Canada Department Agriculture, Delhi, Ontario 


[Received for publication May 18, 1960] 


ABSTRACT 
hydrazide applied flue-cured tobacco topping time five 
different rates, ranging from 0.75 3.75 pounds the actual chemical per 
acre, increased the total sugar and reducing sugar content throughout the 
plant. The total alkaloid content the upper part the plant was 
decreased more low rates than high rates the applied chemical. 
The total ash, calcium, magnesium, phosphorus and chlorine content was 
reduced the upper part the treated plant, whereas the potassium 
content was not affected. 
INTRODUCTION 
The application maleic hydrazide has been found Petersen (10) 
control sucker growth and result increased yields tobacco. 
McEvoy and Hoffman (7) reported that the total alkaloid, nicotine and 
calcium content three grades cigar tobacco was general decreased 
the application maleic hydrazide. Arnaud al. (1) stated that the 
chemical increased both the starch and the soluble sugar content treated 
over that untreated tobacco. Petersen and Naylor (11) have reported 
changes the soluble carbohydrate, sugar, calcium and phosphorus content 
the growing point and tip leaves Turkish tobacco result maleic 
hydrazide application. 
There are published data the effect different rates maleic 
hydrazide upon the chemical composition flue-cured tobacco leaf 
osition. order provide this information, investigation was con- 
ducted find changes chemical composition the five tobacco leaf 
positions primings result from the application this chemical. 


MATERIALS AND METHODS 

This investigation was conducted for the years, 1954, 1956, and 1958, 
randomized 1/40-acre plots replicated four times. White Gold was the 
variety used and standard practices were followed for planting, cultivating, 
harvesting and curing. Six rates actual maleic hydrazide: 0.75, 1.50, 
2.25, 3.00 and 3.75 pounds per acre the diethanolamine salt formulation 
(MH30) were applied means sprayer, immediately after topping 
the last week July. The zero rate was hand-suckered three times 
during the season simulate normal practice, whereas the other rates 
remained unsuckered until after harvest. 


Twenty leaves were taken random from each priming and plot 
during the grading the tobacco for chemical analysis. 
ractice was followed which the lamina the samples was dried 
95°F. for hours, ground Wiley mill and stored air-tight glass 
jars. the analyses which were made duplicate each sample, the 
amounts total alkaloid, nicotine, nornicotine, total sugar, reducing sugar, 
sucrose, total ash, calcium, magnesium, potassium and phosphorus hand- 
suckered plants and the maleic hydrazide-treated plants were determined. 


No. 17, Research Station, Research Branch, Canada Department Agriculture, 
Harrow, Ontario. 
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TABLE 1.—THE ToTAL ALKALOID, TOTAL SUGAR CONTENT AND TOTAL SUGAR 
MALEIc HyDRAZIDE! 


Treatment Total Total Total sugar 
alkaloid sugar total alkaloid 
Priming 1.87 12.90 6.90 
0.75 1.88 15.81 8.41 
1.50 1.84 16.20 8.80 
2.25 1.86 15.92 8.56 
3.00 1.85 15.61 8.44 
3.75 1.88 15.58 8.29 
L.S.D. P.05 2.20 1.64 
2.90 
0.75 1.92 25.81 13.44 
1.50 1.99 25.10 12.61 
1.99 12.90 
3.00 2.08 25.24 12.13 
2.13 25.09 11.78 
P.05 2.19 2.29 
2.89 3.02 
Priming 2.39 25.97 10.87 
0.75 2.05 28.77 14.10 
1.50 12.92 
2.14 14.02 
3.00 29.85 13.15 
2.22 29.58 13.32 
L.S.D. 0.21 1.93 1.82 
P.01 0.28 2.55 2.40 
Priming 2.78 26.57 9.56 
0.75 2.04 29.77 14.59 
1.50 2.36 28.91 12.25 
2.25 2.37 13.18 
3.00 2.52 29.72 11.79 
2.50 29.67 11.87 
P.05 0.25 1.85 1.79 
P.01 0.34 2.44 2.38 
Priming 3.32 20.07 6.05 
0.75 2.29 11.30 
1.50 2.73 25.46 9.33 
2.25 3.08 26.63 8.65 
3.00 2.95 26.68 9.04 
3.02 27.93 9.25 
L.S.D. 0.28 2.43 1.38 
0.34 3.20 1.84 


1954, 1956 and 1958 crop data 
Hand Suckered 


The Shaffer-Somogyi method modified Heinze and Murneek (6) was 
used for the determination total sugars, reducing sugars and the com- 
putation sucrose. The total alkaloid, nicotine, and nornicotine content 


was obtained the method described Cundiff and Markunas (3). 
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TABLE THE PRINCIPAL COMPOSITION THE TOTAL ALKALOID AND 
SuGAR CONSTITUENTs TREATED WITH DIFFERENT RATEs. 


Treatment Total Nor- Total Reducing 


alkaloid Nicotine nicotine sugar sugar Sucrose 
2.65 2.43 0.21 22.58 16.91 5.39 
0.75 2.06 1.93 0.12 27.01 19.97 6.69 
1.50 2.33 2.20 0.12 26.26 5.62 
2.25 2.41 0.17 27.61 20.76 6.51 
3.00 2.47 2.33 0.13 27.26 5.80 
3.75 2.47 2.26 27.39 20.84 6.22 
0.19 0.18 1.61 0.36 
L.S.D 0.25 0.23 2.14 1.83 0.49 


1Based on weighted average of plant, which is the product of per cent in each priming and per cent of plant 
weight in each priming, for average of 1954, 1956 and 1958 crop data 


Harrell’s titrimetric method* was used for the determination chlorine, 
while standard A.O.A.C. methods (2) were used for the ash, potassium, 
calcium, magnesium and phosphorus determinations. 


RESULTS 
Total Alkaloid and Sugar Content 

There was increase total alkaloid content from the bottom 
(priming the top (priming the plant under all treatments 
(Table 1). However, comparison results showed that there was 
significantly higher total alkaloid content the hand-suckered tobacco 
than that treated with low rates maleic hydrazide the third, fourth 
and fifth primings. The nicotine fraction (Table the total alkaloid 
was lowered the chemical treatment manner parallel the lowering 
the total alkaloid content. The nornicotine, constituting small pro- 
portion the total alkaloid, was not markedly changed any one 
the treatments. 

The various rates maleic hydrazide were found increase the total 
sugar content the treated tobacco over that the hand-suckered tobacco. 
The total sugar content was raised approximately the same level, re- 
gardless the rate application the chemical (Table 1). The reducing 
sugar content was increased all treatments with the chemical and closely 
parallels the changes total sugar content (Table 2). The sucrose content 
treated tobacco was increased slightly over that hand-suckered 
tobacco. 

The ratio total sugar that total alkaloid was markedly increased 
the application the chemical (Table 1). This was particularly true 
the low treatment rates which the total alkaloid content was lowest. 
Mineral Content 

The data the total ash and five important mineral constituents are 
presented Table The total ash, which represents the total mineral 


determination chloride tobacco products. Paper presented before 
Tobacco Chemists Research Conference, Richmond, Virginia. 1954. 


q 

7 

7 

7 

q 

j 

q 

q 

7 
| 

wt 


January, 1961] BIRCH AND VICKERY—MALEIC HYDRAZIDE TOBACCO 173 


TABLE 3.—THE EFFECT DIFFERENT RATES MALEIC HYDRAZIDE 
THE MINERAL CONTENT 
(Expressed dry weight basis) 


Priming 5.08 0.81 2.01 0.19 0.76 

0.75 4.83 0.85 2.14 0.20 0.78 

1.50 4.91 0.59 2.03 0.20 0.67 

5.16 0.78 2.21 0.19 0.69 

3.00 4.67 0.72 0.18 0.67 

3.75 4.89 0.73 2.21 0.18 0.69 

0.75 0.48 1.96 0.20 0.48 

1.50 2.96 0.50 1.84 0.20 0.43 

3.26 0.44 1.94 0.19 0.52 

3.00 2.97 0.41 1.90 0.18 0.47 

2.92 1.98 0.20 0.44 

Priming 2.42 0.42 1.95 0.20 0.35 

0.75 2.45 0.43 1.87 0.19 0.29 

1.50 2.29 0.36 1.80 0.18 0.27 

2.26 0.41 1.82 0.20 0.26 

3.00 2.23 0.37 1.82 0.16 0.29 

2.06 0.32 1.74 0.17 0.29 

P.05 0.34 0.11 0.17 0.02 0.08 

Priming 9.35 2.24 0.49 1.81 0.21 0.38 

0.75 8.82 2.02 0.38 0.19 0.30 

1.50 7.93 1.83 0.37 1.69 0.18 0.31 

8.12 1.90 0.45 1.76 0.19 0.25 

3.00 7.87 1.75 0.38 1.74 0.18 0.27 

7.61 1.70 0.33 0.18 0.24 

P.05 0.85 0.28 0.10 0.01 0.08 

P.01 1.14 0.37 0.15 0.02 0.10 

Priming O(H.S.)| 10.89 2.80 0.67 1.80 0.26 0.55 

0.75 9.64 0.50 1.79 0.20 0.39 

1.50 8.77 2.03 0.55 1.86 0.22 0.38 

8.87 1.96 0.50 1.89 0.24 0.35 

3.00 7.77 1.64 0.44 0.20 0.31 

3.75 7.89 1.71 0.46 1.79 0.22 0.33 

L.S.D. P.05 0.79 0.30 0.14 0.02 0.08 

P.01 1.06 0.40 0.20 0.03 0.11 

Weighted av. 11.67 2.88 0.58 1.89 0.21 0.49 

0.75 10.65 2.57 0.48 1.86 0.19 0.40 

1.50 10.30 2.45 0.46 1.81 0.20 0.38 

2.25 10.44 2.49 0.48 1.88 0.21 0.36 

3.00 9.80 2.30 0.48 1.88 0.21 0.36 

9.90 2:25 0.43 1.82 0.19 0.35 

0.63 0.24 0.09 0.02 0.08 

P.01 0.85 0.32 0.12 0.11 


‘Average of 1956 and 1958 crop data 
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content the plant oxidized state, was significantly lowered the 
maleic hydrazide treatments the fourth and fifth primings. The calcium 
content was decreased the heavier rates the chemical the third, 
fourth and fifth primings. decreased magnesium content was found 
the third, fourth and fifth primings the treated tobacco. Plants treated 
the heavier rates had the lowest magnesium content the fifth priming. 


The potassium content was unaltered any the treatments and 
showed normal distribution throughout the plant. The phosphorus and 
chlorine contents the fourth and fifth primings were significantly lowered 
the maleic hydrazide treatment. 


DISCUSSION AND CONCLUSIONS 


The results reported here agree general with those McEvoy and 
Hoffman (7) except that these studies the amounts phosphorus, 
magnesium, and chlorine the top part the tobacco plant were found 
have decreased the result the treatment with maleic hydrazide. 


The decreased magnesium content treated tobacco undesirable 
characteristic, which manifests itself premature ripening the top 
the plant. This quasi-ripening has bronzy appearance and probably 
chlorotic condition. The decrease phosphorus and chlorine was slight 
and, though this may not itself harmful, could related 
modifications the mineral balance the plant. 


The decreased calcium the treated tobacco desirable change 
because high concentration that element considered impair tobacco 
quality. regard this point, Elliot and Birch (5) found significant 
negative correlation coefficient (—0.50) between calcium content and grade 
quality. the contrary the lowered ash content which resulted from 
the chemical treatment detracts from tobacco quality because relatively 
high ash content essential for uniform rate burn. 


The finding increase total sugars all primings the treated 
tobacco partial agreement with that Arnaud al. (1), who reported 
increased soluble sugars mainly the upper leaves. The accumulation 
sugar the entire plant, reported herein, may due to: (a) im- 
pairment carbohydrate translocation resulting from sieve tube injury 
found Mcllrath (8), and (b) lowering respiration rate reported 
Naylor (9), which results elaborated carbohydrates being less readily 
transformed. 

The decreased alkaloid content maleic hydrazide-treated tobacco 
probably due modifications the plant’s metabolism and impaired 
secondary root growth. This reduced root growth has been confirmed 
measuring the force required uproot tobacco plants experimental 
plots. The very low alkaloid fraction found plants treated with the 
chemical the minimum rate may attributed tissue dilution that 
result incomplete sucker control. 


regard these findings, Elliot and Birch (5) and Ward (12) have 


found that relatively high sugar content correlated with quality. 
However, association high sugar content with depressed alkaloid 
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fraction, was found the treated tobacco this study, has been reported 
Coulson (4) have deleterious effect tobacco quality. Further 
discussion this point will reserved for later publication. 


Briefly, the present studies indicate that the application maleic 
hydrazide flue-cured tobacco brings about significant changes the 
chemical composition the plants treated, and that such changes are 
conducive impairment quality that not evident hand-suckered 
tobacco. 
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YIELD AND NITROGEN UPTAKE FORAGE SEEDINGS 
AFFECTED NITROGEN FERTILIZATION 


Canada Department Agriculture, Fredericton, New Brunswick 


for publication June 16, 1960] 


ABSTRACT 


Over tons dry matter per acre were obtained from pure seedings 
timothy and brome the seeding year with application 100 pounds 
nitrogen per acre. Nitrogen 200 and 400 pounds per acre produced 
further significant yield increase. the second year, yields were signi- 
ficantly increased each increment nitrogen applied the seeding year 
and including 400 pounds per acre with brome and 200 pounds per 
acre with timothy. Nitrogen content grasses increased with each incre- 
ment nitrogen the seeding year but this effect was not consistent 
the second year. Over the 2-year period grasses recovered approximately 
per cent the applied nitrogen the 100- and 200-pound levels and 
about per cent the 400-pound level. 

Red clover and alfalfa seeded mixture with timothy and with brome 
were about equal yield grass alone plus 100 pounds nitrogen the 
seeding year and were much superior the second year. Application 
100 pounds nitrogen grass-legume mixtures increased both yield and 
nitrogen content the first cutting. subsequent cuttings, total yield and 
legume fraction the yield were often depressed nitrogen treatment; 
exceptions were noted where legume stands were weak. 

Apparent nitrogen fixation the legumes was consistently reduced 
nitrogen treatment. Vigorous legume stands had apparent nitrogen 
fixation pounds per acre the seeding year and 200 pounds 
the second year. 


INTRODUCTION 

The effect nitrogen stimulating the growth forage plants, 
especially grasses, well known. Many workers (3, 17, 19, 23) have 
studied this effect and have noted marked increases dry matter yield and 
crude protein production following nitrogen fertilization. Grasses have 
proved very efficient recovering applied nitrogen, (3, 10, 11, 15) 
and some studies recovery applied nitrogen grasses has been over 
per cent. Others (1, 13, 18, 20, 25) have observed that nitrogenous 
fertilizer applied grass-legume swards, although giving some increase 
production, frequently results suppression the legume and recovery 
applied nitrogen less efficient than with pure grass seedings. 

Most the work done this field has been with established swards. 
few observations have been made grass seedlings (2, 22). each 
case nitrogen has stimulated seedling growth. Efficiency nitrogen re- 
covery the seedling stage has not been reported. 


Similarly studies nitrogen fixation legumes, number studies 
(6, 11) have been made with established stands but reference could 
found which fixation the seeding year had been measured. 


Studies with nitrogen the establishment phase have been complicated 
the practice seeding forages with companion grain crop. Nitrogen 
heavier rates causes excessive growth the grain crop with consequent 


1Contribution No. 28, Research Station, Canada Department of Agriculture, Fredericton, N.B. 
Condensation thesis submitted the Graduate School, University Maine, the senior author 
in partial fulfilment of the requirements for the degree of Master of Science. 

*Head, Field Crop Section. 
Professor Agronomy, University Maine, Orono, Maine. 
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detrimental effect the seedling forage crop. Several studies (4, 12) 
have shown that superior forage stands can obtained when seeded with- 
out companion crop provided weed growth controlled. 

this study nitrogen was applied seeding time 100, 200 and 
400 pounds per acre timothy and brome, and and 100 pounds 
seedings each grass with red clover and with alfalfa. Seedings were 
established two locations without companion crop. The objectives 
the study were: 


determine the potential yield new seedings grasses and 
grass-legume mixtures sown without companion crop. 


determine the nitrogen uptake new forage seedings. 


assess the nitrogen fixation ability forage legumes the 
seeding year and the degree which this ability affected applied 
nitrogen and associated grass. 


MATERIALS AND METHODS 


The study was conducted during 1957 and 1958 two locations, 
Fredericton and Lincoln, both central New Brunswick. The soil 
Fredericton well drained loam with the beginning the study 
5.8 and 6.2 the conclusion. Lincoln the soil coarse texture 
and has lower water-holding capacity; classified sandy loam. 
The the beginning the study was 5.2 and was 5.7 the conclusion. 
Both soils belong the Riverbank series (21). 

Fertility treatments applied both experimental areas were follows: 
Limestone (dolomitic) tons per acre; and 400 pounds per acre; 
borax pounds per acre. Molybdenum was applied ounces per acre 
all legume plots. 


The design used was randomized block with four replications. The 
treatments were eight each for timothy and brome follows: 


Treatment 1-4: Pure grass with 100, 200 and 400 pounds nitrogen per 
acre. The latter treatment was split evenly between seed- 
ing and after the first cut. 


Treatment 5-6: Grass-red clover mixture with and 100 pounds nitrogen 
per acre. 


Treatment 7-8: Grass-alfalfa mixture with 100 pounds nitrogen per 
acre. 


Ammonium nitrate was used source nitrogen and was applied 
after emergence the seedlings. 


The seedbed was established cultipacking, seeds were broadcast 
hand and covered second cultipacking right-angles the first. 
Seeding was done both locations early May and harvesting was done 
the seeding year late July and early September. the second year 
plots were harvested late June and late August. 
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Herbage was harvested mowing 38-inch swath through the centre 
the plots after removal one-half mower-bar width from each end. 
Green weights were recorded and two samples taken, one for dry matter 
determination, the other for hand separation determine the proportions 
seeded species and weeds. The latter samples after drying were 
ground Wiley mill and retained for determination nitrogen content. 

Temperature and hours sunshine were above average both loca- 
tions during May and June the seeding year. Rainfall was near normal 
the Fredericton location but well below normal Lincoln. Normal 
precipitation for the area about inches for May and 3.5 inches for 
June. order ensure adequate moisture for establishment, plots the 
latter location were irrigated twice June. Rainfall continued below 
normal both locations for the remainder the seeding year particularly 
Lincoln. the second year, rainfall was near normal but temperatures 
during the growing period were below normal especially during the critical 
month June. 

Symptoms characteristic boron deficiency were noted second- 
growth alfalfa Lincoln The condition was corrected boron 
application applied spray 1958. 


RESULTS 

Yield Pure Grass Seedings 

Yield data for the two grass species treated with several rates 
nitrogen seeding are presented Table the first cutting the 
seeding year Fredericton there was highly significant yield response 
from nitrogen but there was significant difference between the 100-, 
200- and 400-pound levels. The heavier nitrogen applications gave signi- 
ficant yield increases the second cutting but this cut contributed only 
small proportion the seasonal total. Under drier conditions the sandy 
loam Lincoln, nitrogen did not affect yield until the second cutting and 
here again there was response beyond the 100 pound-per-acre treatment. 

There was strong residual effect seeding year nitrogen grass 
yield the second year and significant yield increases were noted 
from treatments 400 pounds per acre. The response was limited 
primarily the first cutting. Only the highest level nitrogen resulted 
significant yield increase the second cutting. 

Timothy and brome yields were similar the seeding year but timothy 
was better than brome the second year Fredericton. There was 
significant difference yield the two species Lincoln. 


Comparative Yield Pure Grass and Grass-Legume Mixtures 

The yields timothy and brome and each species grown mixture 
with red clover and alfalfa two nitrogen levels are given Table 

Fredericton grass-legume mixtures were consistently higher yielding 
than grasses after the first cut. Lincoln, legumes established more 
and alfalfa yield was restricted the fall the seeding year 
boron deficiency and the second year result winterkilling. The 
yield pattern with clover mixtures, which had less severe winter injury, 
followed that Fredericton. 
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TABLE 4.—PERCENTAGE LEGUME GRASS-LEGUME MIXTURES AFFECTED 
NITROGEN APPLICATIONS SEEDING AND ASSOCIATED GRASS 


Average percentage legume 
four cuts 


Legume Associated 
species grass Fredericton Lincoln 
100N 100N 


Effect Nitrogen Legumes 

Applied nitrogen increased the yield grass-legume mixtures the 
seeding year. This response was limited the first cutting the seeding 
year Fredericton (Table 2). subsequent cuttings this location total 
grass-legume yield and the legume portion the yield were often depressed 
nitrogen treated plots (Tables and 3). Lincoln, where legume 
growth was less vigorous, the beneficial effect nitrogen legume yield 
continued the second cutting the first year and lesser extent 
winter injured alfalfa the second year (Table 3). 

The failure grass-legume mixtures respond residual nitrogen, 
compared with the strong yield response pure grass seedings, 
reflected highly significant legume nitrogen interaction the second 
year both locations (Table 2). Nitrogen treatments also resulted 
moderate reduction the percentage legume the sward (Table 4). 

Legumes dominated the mixture swards during the period the study 
and consistent response pattern emerged the relationships the two 
grass and two legume species. was observed, however, that timothy was 
less competitive than brome the presence vigorous alfalfa growth 
Fredericton (Tables and 4). 


Nitrogen Content Grasses 

Nitrogen content grasses, expressed per cent dry matter, 
affected nitrogen treatment and associated legume given Table 

Nitrogen treatment consistently increased the nitrogen content 
grasses grown pure stands the year application but not the second 
year. Legumes were effective increasing the nitrogen content asso- 
ciated grasses after they became well established and particularly the 
second year. 

Brome was higher nitrogen content than timothy and responded 
more strongly than timothy legume nitrogen. 

Highly significant legume nitrogen interactions were observed 
both second growth crops Fredericton. each case nitrogen applied 
grass-clover mixtures increased the nitrogen content the grass component 
while nitrogen applied grass-alfalfa mixtures resulted lower nitrogen 
content the grass. 
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TABLE 6.—PERCENTAGE RECOVERY NITROGEN FROM THREE LEVELS 
APPLIED NITROGEN PURE SEEDINGS Two LOCATIONS 


Nitrogen Seedin 
econd Seeding Second 
year year Total year year Total 
Timothy 
Brome 


Recovery Applied Nitrogen Grasses 

Net recovery nitrogen was determined subtracting the nitrogen 
uptake grasses untreated plots from the uptake treated plots. The 
resulting figures, expressed percentage the nitrogen applied, are given 
Table 

Nitrogen uptake over the 2-year period untreated plots was about 
100 pounds per acre Fredericton and pounds per acre Lincoln. 
both locations each species showed net recovery about per cent 
the first 100 pounds nitrogen applied (Table 6). The response the 
second 100 pounds was more variable but averaged about the same. The 
percentage recovery dropped sharply the 400-pound level. Recovery 
nitrogen brome was higher than for timothy especially the higher 
levels application. Since yield differences were not great, this trend 
reflection the higher nitrogen content brome. 


Apparent Nitrogen Fixation Legumes 

Apparent nitrogen fixation, determined this study, represents the 
difference nitrogen uptake grass-legume mixtures and that grasses 
grown pure stand. Since differences soil nitrogen are not taken into 
consideration, these determinations not represent total nitrogen fixation. 
Since legumes make less draft soil nitrogen than grasses (14), the de- 
terminations made this way are considered conservative estimate 
(24). Data for apparent nitrogen fixation are given Table 

Fredericton, both alfalfa and red clover had apparent nitrogen 
fixation about pounds per acre the seeding year. Nitrogen treat- 
ment reduced fixation nitrogen pounds. Nitrogen fixation 
the second year was 152 pounds per acre for red clover and 201 pounds 
per acre for alfalfa without applied nitrogen and reduction was again 
noted result nitrogen treatment. 

Lincoln, with less vigorous legume stands, seeding year nitrogen 


fixation was about pounds per acre with only small reduction due 


nitrogen treatment. the second year nitrogen fixation red clover 
compared favourably with Fredericton but weak alfalfa stands fixed less 
than half that vigorous stands Fredericton. 
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TABLE 7.—APPARENT NITROGEN FIXATION LEGUMES THE SEEDING AND 
SECOND YEAR Two NITROGEN Two LocaTIONS 


Nitrogen pounds per acre 


Fredericton Lincoln 


Species 
Seeding year Second year Seeding year Second year 
100N 100N 100N 
Grass clover 152 140 149 116 


DISCUSSION AND CONCLUSIONS 
considered that the yield range 2.0 2.5 tons dry matter 
achieved Fredericton the seeding year fairly representative the 
potential yield the species studied when grown loam soil the 
region. the Lincoln location, sandy loam, inadequate moisture 
during the critical early growth period, and the case alfalfa inadequate 
boron, contributed lower yield level approximately 1.5 tons per acre. 


Normal practice reseeding meadows seed with companion 
grain crop. practical means assessing the value seeding year forage 
production would, therefore, convert the forage yield net energy 
and express this equivalent oat yield per acre. Expressed this manner, 
converting the basis net energy data given Morrison (16), 
nitrogen-fertilized timothy Fredericton produced net energy equivalent 
bushels oats, while the same treatment Lincoln produced crop 
equivalent net energy bushels oats per acre. Compared this 
basis, forages sown without companion crop and with adequate fertiliza- 
tion and weed control compare very favourably with oats. 


appears that the nitrogen requirements grasses the seeding year 
can met with the application 100 pounds nitrogen per acre, least 
under the conditions the present study. This level nitrogen about 
one-half that required for maximum yields established grass sods. 
Fredericton* and Maine (3) yields approximately tons per acre have 
been achieved established grass sods with nitrogen applications 200 
pounds per acre. 


The positive though moderate response grass-legume mixtures 
nitrogen treatment the first cutting the seeding year indicates that 
legumes can benefit from applied nitrogen the seedling stage. There 
were indications, however, that the 100 pounds nitrogen treatment was 
excessive for best results. This was noted depressions legume per- 
centage the sward and apparent nitrogen fixation cuttings following 
the first cutting. Nitrogen treatment continued give positive yield 
response the second year only where legumes suffered winter injury. 


data 
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view these results concluded that the 100 pounds nitrogen 
treatment applied seeding excessive for best results with grass-legume 
mixtures. the other hand subsequent dressings nitrogen may 
beneficial the legume stand weakened winterkilling, disease other 
causes. 


The apparent fixation pounds nitrogen legumes the 
seeding year important observation this study. This amount 
nitrogen approximately the same that recovered pure grass seedings 
from 100 pounds applied nitrogen over the 2-year period and greater 
than that recovered timothy the seeding year. From economic 
standpoint is, therefore, reasonable value the contribution the 
legumes equivalent 100 pounds applied nitrogen. monetary 
value this more than adequate cover the cost legume seed and the 
additional limestone and potassium normally required for legume seedings. 


When compared with pure grasses treated with sufficient nitrogen for 
maximum response, legumes the seed mixture can considered sound 
practice even they only survive the seeding year. When second-year 
yields and nitrogen fixation are taken into consideration, the relative value 
grass-legume mixtures compared pure grass seedings even 
greater proportions. 
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EFFECT DATE AND FREQUENCY DEFOLIATION 
YIELD AND QUALITY 
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ABSTRACT 

two experiments established 1950 and 1953, Rhizoma and Grimm 
alfalfa, each simple mixture with timothy, were subjected seven 
cutting schedules the first harvest years. the third year all plots 
were cut June determine the effect the differential defoliation 
the preceding years. The two varieties were not significantly different 
five the six seasons but after winter severe icing 1953 Rhizoma 
outyielded Grimm. The yields the alfalfa component the third year 
tended decrease with increase the number harvests the pre- 
vious years. Protein yield per acre increased with increase the 
number clippings. The results indicated that highest yields alfalfa 
will maintained avoiding defoliating between August and 


October 15. 

INTRODUCTION 

The clipping and grazing management alfalfa has been found 
workers various regions important factor the yield, quality 
and persistence this legume. There appears period the latter 
part the growing season which management practices are especially 
critical for its survival. 

Rather and Dorrance (9), Michigan, found that root starvation, and 
heaving the dead during winter, was almost universal fall- 
pastured alfalfa. Alfalfa that was not pastured September October 
showed indication winter injury. investigation McKenzie 
(6) indicated that under irrigation Western Canada, the date last 
cutting should prior September winter injury avoided. 
England, the date fall cutting grazing had effect the total 
yield herbage from mixtures (2). October defoliation, 
however, gave better growth, yield and persistence alfalfa following 
years, whereas September defoliation gave better growth grass. 


Differences varietal response cutting treatments were reported 
Gross al. (5) Although all varieties yielded more cut for 
hay than when clipped frequently, changes rank under the two cutting 
systems indicated that some varieties are less affected than others cutting 
treatments. Increasing the frequency cutting two alfalfa strains 
England (3) from three cuts four cuts per season did not increase the 
yield dry matter but the tendency over the whole season was produce 
greater total yield protein. 

study was undertaken Ottawa investigate the effect this area 
date and frequency defoliation two varieties alfalfa. 


MATERIALS AND METHODS 
Two seedings were established this study. The first seeding 
(Experiment was established the spring 1950. Two varieties 
alfalfa, Grimm and Rhizoma, each were seeded broadcast pounds per 
acre simple mixture with commercial timothy pounds per acre. 
Oats, bushels per acre, were seeded nurse crop and harvested for 
silage. 


1Contribution No. from the Genetics and Plant Breeding Research Institute, Ottawa, Ont. 
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5-replicate, split-plot design was used. The sub-plots, feet 
feet size, were seeded the alfalfa Seven date-of-cutting 
treatments comprised the main plots. The cutting schedule given below: 


TREATMENT CUTTING 


This schedule was followed, with minor variations imposed weather, 
for the first harvest years. All plots were cut June the third 
year both experiments assess the effect different treatments the 
previous years. 

harvesting the test, 40-inch swath was cut the length the plot, 
after 20-inch border had been removed from each end. Treatments 
and were cut hay stubble height inches. The remaining plots 
were cut inches simulate pasture the first years the test. 
stubble was left all plots when they were cut hay June 
the third year. 

The green material harvested from each plot was weighed and two 
1000-gram samples were taken for dry matter determination. 1951 and 
1952, these samples were saved for protein analysis. Weighted cent 
protein (Table was calculated dividing the total pounds protein 
per acre for the years each treatment the total 2-year dry matter 
yield pounds per acre for the corresponding treatment. 

second seeding (Experiment was established 1953. The same 
procedure was followed Experiment except that four replicates 
were used and two 500-gram samples were taken for dry matter determina- 
tion. These samples were not saved for chemical analysis. 

the final year each experiment, estimates were made the per 
cent contribution alfalfa the total yield the mixture. The data 
Experiment were obtained from hand separation samples taken the 
time harvesting. Experiment visual estimates per cent contribu- 
tion were made just prior harvesting. 


RESULTS 
Total Dry Matter Yield 

Experiment 

Treatment Effect When five clippings were harvested the first 
years the experiment, there was consistent increase yield the period 
between the fourth and the fifth cut was increased (Table 1). the third 
year, the treatments that previously had not been cut later the season 
than August were highest yielding. The highest 3-year average yield 
was obtained from Treatment although was not significantly higher 
than Treatments and 
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TABLE I.—AVERAGE YIELD Dry MATTER PER ACRE 
SEVEN CUTTING TREATMENTS AND Two ALFALFA VARIETIES WITH TIMOTHY 


Experiment Experiment 


Average Average 
Treatment 6254 6929 4314 5730 5945 3604 5093 
Treatment 6394 7771 4296 6154 6013 6548 3242 5268 


Treatment 5992 7325 4665 5994 7464 4043 3484 4997 
Treatment 6159 7294 4304 5919 7606 4580 2975 5054 
Treatment 6571 7646 3547 5921 7488 5028 3103 5206 


Treatment 6814 8056 3364 6078 7564 5093 2973 5218 
Treatment 7032 8498 3744 6425 7597 4536 3367 5167 
L.S.D. (.05) 479 349 617 355 N.S. 
Rhizoma 6470 7632 4275 6125 7010 5173 3282 5155 
Grimm 6449 7660 3792 5967 7123 5048 3224 5131 


L.S.D. (.05) N.S. N.S. 137 N.S. N.S. N.S. N.S. 


described text 
“il treatments cut only once (on June 15) in third year 


Variety Effect The average yields the two varieties alfalfa with 
timothy were similar the first years (Table 1). the third year, 
following winter considerable icing, Rhizoma outyielded Grimm. The 
difference yield between the varieties also was significant for the 3-year 
average. 

The variety treatment interaction was significant the third year 
and for the 3-year average. The greatest difference between variety yields 
was found Treatment where Rhizoma produced considerably more 
than Grimm. 


Experiment 


Treatment Effect the first harvest year, all treatments that 
received either four five clippings were similar yield and were signifi- 
cantly higher yielding than those that were cut either two three times. 
the second year, however, the latter two treatments were highest yield- 
ing. The third-year results not show general trend total yield. 
Treatment was highest yielding but was not significantly higher than 
Treatments Cand There were differences between treatments the 
3-year average yield. 

Variety Effect The average variety yields each year this experi- 
ment were not significantly different. The variety treatment inter- 
action was significant the first year. Rhizoma yielded more than Grimm 
when cut hay, while Grimm was slightly higher yielding under all pasture 
treatments. 


Alfalfa Component the Mixture 
Experiment 


Treatment Effect Two cuttings each year the first years the 
experiment resulted the highest per cent contribution alfalfa the 
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TABLE CENT CONTRIBUTION ALFALFA TOTAL YIELD THE 
MIXTURE FINAL YEAR EXPERIMENTS AND 


Experiment Experiment 
Rhizoma Grimm Rhizoma Grimm 


TABLE 3.—YIELD Dry MATTER PER ACRE ALFALFA 
THE MIXTURE FINAL YEAR EXPERIMENTS AND 


Experiment Experiment 
Rhizoma Grimm Rhizoma Grimm 
Treatment 4273 2985 2979 3221 
Treatment 3084 2885 3027 2936 
Treatment 2127 1754 2847 2693 
Treatment 1128 1067 2070 1860 
Treatment 1441 1090 2003 2126 
Treatment 1426 1137 2378 2418 
Treatment 1763 1388 2719 2566 


mixture the third year (Table 2). Three cuttings each year previously 
gave the next highest per cent contribution, followed approximately 
equal contribution plots that had been cut four times and those that had 
been cut five times with the last harvest taken October 15. When five 
clippings had been taken the first years, the per cent alfalfa tended 
increase the date the final clipping was delayed from August 
through October 15. 


The yield the alfalfa component the mixture the third year 
(Table decreased with increase the number clippings the 
previous years. Treatment which the fifth cut had been harvested 
October 15, gave higher yield alfalfa than treatments that had 
received their fifth cut earlier the fall. 

Variety Effect Although the yield the alfalfa component was 
higher the Rhizoma-timothy than the Grimm-timothy mixture the 
third year, the order yield and per cent contribution was generally 
the same for the two varieties under the different cutting treatments. 


Experiment 

Treatment Effect The highest per cent contribution alfalfa the 
third year was obtained from treatments that had been cut either two 
three times the first and second year. There was difference between 
the treatment that had been four times each year and those that had 
been clipped five times with the last cut taken October. 
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TABLE 4,—PER CENT PROTEIN AND YIELD PROTEIN PER ACRE 
EXPERIMENT 


Per cent Pounds per acre 
Weighted 

1951-52 
Treatment 19.72 20.49 20.28 1245 1426 1336 
Treatment 23.82 22.28 21.90 1387 1715 1551 
Treatment 27.77 27.39 26.45 1559 1957 1761 
Treatment 29.32 28.75 26.70 1628 1963 1796 
Treatment 28.38 27.33 26.65 1743 2047 1895 
Treatment 27.69 27.92 26.72 1771 2202 1987 
Treatment 27.25 26.50 1832 2282 2057 
L.S.D. (.05) 0.73 0.96 0.73 210 133 
Rhizoma 26.43 26.10 25.14 1601 1948 1775 
Grimm 26.12 25.74 24.92 1589 1935 1763 


L.S.D. (.05) N.S. N.S. N.S. N.S. 


The alfalfa yield the third year tended decrease with increase 
the number clippings taken previously. Higher alfalfa yields were 
obtained following October clipping than following September clipping. 


Variety Effect There was little difference between the varieties 
per cent contribution the mixture. The yield the alfalfa component 
the Grimm-timothy mixture the third year was higher the treat- 
ments previously cut two three times than those cut more frequently. 
This was not apparent with Rhizoma. Under the frequent cutting 
treatments, the order yield generally was similar for the two varieties. 


Protein Per Cent and Yield 
Experiment 
Treatment Effect Frequent clipping treatments gave the highest per 


cent and protein each year (Table 4). treatments cut either 
four five times were significantly higher per cent protein than the 
treatment cut three times. This, turn, was higher than Treatment 


which was cut twice each year. 


Protein yield increased with later dates the last cut the fall when 
five clippings were harvested. Treatments and were significantly 
higher the first year than all treatments cut less than five times. the 
second year, they outyielded other treatments. 


Variety Effect The varieties were significantly different per cent 
protein only the first year, when Rhizoma was higher than Grimm. 
There was difference between the varieties average yield protein. 
The variety treatment interaction was not significant either protein 
per cent yield. 


7 
™ 


January, 1961) FOLKINS AL.—DEFOLIATION ALFALFA 193 


DISCUSSION 

The date and frequency defoliation had effect this study the 
yield, quality and persistence Rhizoma and Grimm alfalfa. The effect 
yield was especially apparent the third the alfalfa component 
the mixture. The yield alfalfa generally decreased with increase 
the number times the crop was harvested. possible that the dif- 
ferences yield and persistence alfalfa between the hay treatments 
and and the pasture treatments were partly due the 1-inch 
higher stubble left the hay plots the first years the experiments. 
When the general pattern yield and contribution considered, however, 
this does not seem important factor the date and frequency 
cutting. 

The results obtained relative date autumn clipping were similar 
those reported England (2). October cutting gave better yield and 
persistence alfalfa following years than September cutting. has 
been found (4, that there rapid decline the root reserves alfalfa 
during the initial period regrowth following cutting but equilibrium 
between the drain reserves and the replenishment from photosynthesis 
reached about days and, after that, accumulation begins. When 
cut September, the growing period probably not long enough allow 
accumulation reserves carry the plants through the winter. There 
less regrowth from alfalfa harvested October and, consequently, there 
would less depletion the root reserves. 


consistent trend can noted per cent contribution alfalfa 
the third year, even though the estimates were made different methods 
the two experiments. Two three clippings the first years resulted 
higher per cent alfalfa the third year than four five clippings. 
Similar per cent contribution generally was obtained the plots previously 
clipped four times and those clipped five times with the last cut taken 
October. 


The alfalfa varietal response cutting treatments was not marked 
that reported Gross al. (5). this interaction was significant, 
Rhizoma was somewhat superior Grimm when cut hay. the first 
year Experiment Grimm was the higher yielding variety under pasture 
clipping. This result differed from that normally expected from these two 
varieties. Rhizoma generally considered the better pasture variety 
due its lower crown. Since this was the first harvest year the exper- 
iment, its superiority Grimm under simulated grazing conditions may 
not have had time become apparent. 


The general recommendation the Eastern Ontario-Western Quebec 
area (1, 10) has been that alfalfa should not harvested early autumn, 
particularly September, although the top growth could removed 
safely early October later, after the onset cold weather. The 
results this study tend support this recommendation except that 
indicated that summer defoliation should end about the middle August. 
possible that the last summer cut could late September 
provided that only three four cuts are taken instead the five cuts 
that were harvested this date Treatment these experiments. 
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THE EFFECT CHLORINE THE HYGROSCOPICITY 
FLUE-CURED TOBACCO’ 
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ABSTRACT 


Chlorine from pounds per acre had effect yield leaf- 
grade quality flue-cured tobacco grown Fox loamy sand. Increased 
applications chlorine increased the chlorine content, moisture uptake, 
and decreased the rate burn the cured leaf but had effect the 
amount total sugars. 


INTRODUCTION 

Under ordinary conditions chlorine readily absorbed from the soil 
tobacco plant. Vickery al. (10) found that the chlorine content 
cigar tobacco was almost directly proportional the amount this element 
supplied the fertilizer. Beneficial effects yield and grade flue-cured 
tobacco from moderate supply chlorine the fertilizer were reported 
Garner al. (4). Woltz al. (12) found that the sugar content was 
directly related chlorine. Several investigators (1, 11) have 
shown the inhibitive effects high levels chlorine leaf burn. Garner 
al. (4) found that cured tobacco leaves from plots fertilized with sulphate 
potash had lower water content than those fertilized with muriate 
potash. Rhodesia, Neas (9) observed that tobacco with high chlorine 
content inclined over-conditioned during grading. information 
available regarding the effect chlorine the hygroscopicity and total 
sugars Canadian flue-cured tobacco. 

order evaluate the effect applied chlorine the hygrosco- 
picity flue-cured tobacco, yield, grade, rate burn, chlorine and total 
sugars were determined the cured leaf. 


MATERIALS AND METHODS 

The experiment was conducted 1956 and 1958 Fox loamy sand, 
using quadruplicate 1/40-acre plots arranged randomized blocks. Four 
levels chlorine, 20, 30, and pounds per acre, the form potas- 
sium chloride, were used with constant amount nitrogen, phosphorus, 
potassium, calcium and magnesium. The fertilizer was applied with meter- 
ing device (7) transplanting time bands about inches each side 
the row and level with the root crown. Plants were spaced inches 
apart the row, with inches between the rows, giving population 
6534 plants per acre. The flue-cured variety White Gold was grown and 
normal cultural practices were followed during the growing season. Each 
year five primings were harvested from treatments. The cured leaf was 
sorted into commercial grades experienced graders and numerical 
indication its market value was obtained assigning price each 
grade, determined from the average farm price for both years. 

Small samples the cured leaf were taken random from each 
priming each plot for analysis. The lamina the leaf was dried 
95°F. for hours, then ground Wiley mill equipped with 2-milli- 


1Contribution No. 13, Research Station, Research Branch, Canada Department of Agriculture, 
Harrow, Ont. 
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TABLE 1.—CHLORINE TREATMENTS AND THEIR EFFECTS THE AGRONOMIC INDICEs, 
CHLORINE CONTENT, TOTAL SUGARS, AND RATE BURN FLUE-CURED TOBACCO 


treatment Grade index Yield Crop index Total Rate 


46.8 1943 909 -48 22.50 514 
46.6 1917 893 523 
48.8 1891 922 23.04 543 
48.8 1955 954 1.04 21.90 538 
L.S.D. 0.05 N.S. N.S. -10 


metre sieve. The fraction caught between U.S. No. and sieves was 
used for all chemical and hysical tests. 

Moisture was determined drying sample over concentrated 
(above per cent) H:SO, 25°C. for days. After drying, all samples 
were held 20°C. and exposed relative humidities 32.3, 45.0, 58.0, 
66.0, and 79.5 per cent. Moisture uptake was calculated after conditioning 
the samples constant weight. Saturated solutions KNO,, 
NaBr.2H:O, and were used provide the constant humid- 
ities. The rate burn was measured recording the number seconds 
required burn inch cigarette from ground tobacco which had 
the atmosphere per cent relative humidity 20°C. 

days. 

The titrimetric method Harrell* was used the determination 
chlorine the leaf. The chlorine content the soil was measured the 
method described Myhre al. (8). The Shaffer-Somogyi method 
modified Heinze and Murneek (5) was used for the determination 
total sugars. 

RESULTS AND DISCUSSION 

The agronomic indices, rate burn, and the chlorine and total sugar 
content the cured leaf are presented Table Each value for chlorine, 
total sugars, and rate burn represents the weighted average all primings 
four replicates for the years, 1956 and 1958. The chlorine levels had 
significant effect grade index, yield, crop index. Each 10-pound 
increment chlorine the fertilizer significantly increased the leaf content 
chlorine. Soil analyses, taken prior fertilization, showed that the 
average chlorine content the top inches soil was pounds per acre. 
the basis previous work (2), the small amount chlorine found 
the soil contributed insignificant amounts chlorine the plant when 
compared with the lowest level fertilizer chlorine used this experiment. 
Each increment chlorine over the previous level did not significantly 
delay the rate burn but the two high levels chlorine significantly 
decreased the rate burn compared with that the 20-pound chlorine 
treatment. The cigarette ash from the 40- and 50-pound treatments was 
distinctly dark colour while the low levels chlorine gave light- 
coloured ash. The dark ash indicates incomplete combustion. There was 
significant change the amount total sugars. 


determination chloride tobacco products. Paper presented 
before Tobacco Chemists Research Conference, Medical College Virginia, Richmond, Virginia. 1954. 
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TABLE 2.— EFFECT CHLORINE TREATMENTS MOISTURE UPTAKE THE CURED LEAF 


Per cent moisture uptake 
Ib./ac. 
32.3% R.H. 45.0% R.H. 58.0% R.H. 66.0% R.H. 79.5% R.H. 
3.65 7.42 11.43 15.47 22.58 
7.60 11.87 15.76 
8.05 16.26 24.01 
3.79 8.24 12.26 16.38 24.31 


TABLE 3.—EFFECT CHLORINE MOISTURE UPTAKE THE FIVE PRIMINGS CURED LEAF 


Per cent moisture uptake 58% R.H. 


treatment 


Priming 

9.46 10.85 11.65 11.89 11.72 

9.57 11.50 12.34 11.99 

10.47 11.88 12.59 12.65 12.30 

10.51 12.41 12.59 12.33 


The weighted average percentage values for moisture uptake (Table 
show that chlorine had pronounced effect moisture uptake the 
highest relative humidity but had little effect the lowest relative humid- 
ity. However, the 20-pound chlorine treatment resulted significantly 
lower moisture uptake all relative humidities than did the 40- and 50- 
pound chlorine treatments. Moisture uptake data for primings tobacco 
(Table reveal that applications chlorine affected the hygroscopicity 
the leaves from each the five primings similar manner. Moisture 
uptake tended increase with ascending stalk position reaching maximum 
the middle the plant. 


Previous work (3) showed that increased total sugars increased the 
hygroscopic properties the leaf but this experiment the percentages 
total sugars were similar for all treatments. Evidently the chlorine 
content the leaf had direct bearing the hygroscopic the 
cured tobacco leaf. Apparently, varying the quantities chlorine the 
fertilizer had significant effect yield subjectively appraised leaf- 
grade quality but had marked effect the chlorine content, hygrosco- 
picity, and rate burn the cured leaf. 


REFERENCES 


and chlorine. Amer. Soc. Agron. 38:186-196. 1946. 


Elliott, Effect chlorine flue-cured tobacco. The Lighter 25(2):15-18. 
1955. 


198 


CANADIAN JOURNAL PLANT SCIENCE 


Elliot, M., and Birch. Chemical composition various commercial 


grades Canadian flue-cured tobacco. Can. Plant Sci. 38:73-80. 1958. 


chlorine nutrition and growth the tobacco plant and its effect the 
quality the cured leaf. Agr. Research 40:627-648. 1930. 
Heinze, H., and Murneek. Comparative accuracy and efficiency 


determination carbohydrates plant material. Univ. Missouri Coll. Agr., 
Agr. Expt. Sta., Research Bull. 314. 1940. 


tobacco. Agr. Expt. Sta. Wisconsin, Research Bull. 153. 1944. 


Magee, I., and Scott. tractor mounted meter attachment for side 


band application fertilizer tobacco plots. Sci. Agr. 1951. 


Myhre, L., Attoe, and Ogden. Chlorine and other constituents 


relation tobacco leaf-burn. Soil Sci. Soc. Amer. Proc. 20:547-551. 1956. 


Neas,Ivan. Factors relating off-type tobacco. Rhodesian Tobacco 19:6-8. 


investigations the tobacco plant: VIII. The effect upon the composition 
the tobacco plant the form which nitrogen supplied. Connecticut 
Agr. Expt. Sta. Bull. 


Wedin, F., and Struckmeyer. Effects chloride and sulfate ions the 


growth, leaf burn, composition and anatomical structure tobacco (Nicotiana 
tabacum L.). Plant Physiol. 33:133-139. 1958. 
Woltz, G., Reid, and Colwell. Sugar and nicotine cured 


bright tobacco related mineral element composition. Soil Sci. Soc. 
Amer. Proc. 13:385-387. 1948. 


7 
7 
° 

q 

> 
J 


RATE EVAPORATION FROM FREE-WATER 


Canada Department Agriculture, Beaverlodge, Alberta 


for publication May 1959] 


ABSTRACT 


3-year free-water evaporation study, evaporimeter tank the 
open field lost 34.5 per cent more water than tank sheltered buildings 
and trees. Meteorological factors responsible for this difference appear 
high wind velocities and long daily periods sunshine. Changes 
temperature regime had effect. 

Difference evaporation from the two tanks led examination data 
obtained over years from the sheltered tank. was found that, although 
there was progressive decrease amount evaporation over the years 
from this tank, rainfall the same time had increased and that the effect 
this increase evaporation was roughly equal that all other 
factors affecting evaporation, such change exposure, etc. Thus, the 
comparatively low rate evaporation from the sheltered tank was un- 
doubtedly due part the proximity buildings and trees which had 
been established. 


Since 1922, evaporation tanks have been established number 
Experimental Farms Canada, particularly the Prairie Provinces. The 
Experimental Farm Beaverlodge, Alberta, has kept complete record 
for years. 

The type evaporimeter used for obtaining these records gal- 
vanized iron tank, feet diameter and feet depth (1). sunk 
the ground with only inches the rim projecting above the surface. 
Grass planted around the tank and kept cut that not higher than 
the rim. The tank filled with water within inches the rim and 
time the water surface permitted lower than inches below 
the rim the tank. 

tank Beaverlodge was installed May, 1922, some feet from 
the northeast corner the Superintendent’s residence. low log barn 
stood 100 feet the north. There were new plantings windbreaks 
immediate the site, particularly the direction the prevailing west 
wind; also, native scrub crowned low rise the west. New buildings 
were soon erected, beginning 1924, and additional plantings shelter- 
belts, hedges and tree copses were made shortly thereafter. Tree growth 
over years has confined the tank small lawn, well sheltered from the 
prevailing winds. 

the spring 1954, second evaporation tank was installed 
level field one-quarter mile from buildings and trees. This was established 
identical manner the first. From May 20, 1954, September 30, 1956, 
450 days records were obtained from both tanks, using micrometer gauges 
with measurements being made 0.01 inch. During this time com- 
plete records were obtained over the months June, July, August and 
September and partial records during May and October, depending the 


1Contribution from the Research Branch, Canada Department 
Experimental Farm, Beaverlodge, Alta. 
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TABLE COEFFICIENTS BETWEEN DIFFERENCES AMOUNT 
EVAPORATED PER Day FROM THE EXPOSED AND SHELTERED TANKS 
AND SEVERAL METEOROLOGICAL Factors; ALSO THAT BETWEEN 
WIND AND SUNSHINE 


(No. cases, 450) 


Factors correlated 
Difference evaporation wind velocity, m.p.h. 
Difference evaporation temperature, mean daily 
Difference evaporation sunshine, hours daily 
Wind velocity sunshine 

Partial correlations 

Difference evaporation wind velocity. sunshine 
Difference evaporation sunshine. wind velocity 


**Exceeds the per cent level significance 


last occurrence hard frost (>10°F.) the spring and first occurrence 
the fall. Over this period 42.6 inches water were lost from the 
sheltered tank and 57.3 from the tank the field, increase 34.5 per cent. 


interesting note the different meteorological factors responsible 
for the reduction evaporation from the sheltered tank. shown 
Table correlations calculated between the difference evaporation from 
the two tanks (exposed tank minus sheltered tank) and several meteoro- 
logical factors indicate that variations differences evaporation are 
highly significantly correlated with changes the amount wind and 
sunshine. The correlation surfaces showed, effect, that the greatest 
differences occurred during days high wind and/or long hours sun- 
shine. The non-significant correlation, wind-sunshine, and the highly signi- 
ficant partial correlations show that the influences these meteorological 
factors are exerted independently. Moreover, since significant differ- 
ence exists between the two partial correlations, the effect wind speed 
and the effect hours sunshine the difference evaporation are 
roughly similar. The lack correlation between difference evaporation 
and temperature indicates that changes the temperature regime were not 
associated with the difference amount water lost from the tanks 
the two sites. 

exposed and sheltered tanks over the years 1954-56 had been induced 
the gradual growth trees was due more the initial nature the 
sites. Examination years’ records Beaverlodge showed progressive 
decrease evaporation from the tank the original site. However, rain- 
fall over this period had increased and since these two factors were proved 
correlated negatively —.496 with per cent point .429) 
reduction evaporation would expected. The regression curves 
(Figures and 1b) show the changes evaporation and rainfall over the 
years. Since the slope the trend line for the evaporation data —0.0927 
and its standard deviation 0.0290, the slope differs highly significantly 
from zero (0.3 per cent level significance). the other hand, since 
the slope the trend line the rainfall data 0.0347 and the standard 
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TABLE 2.—ANALYSIS VARIANCE EVAPORATION REGRESSION, TEST SIGNIFICANCE 
REGRESSION COEFFICIENTS, AND COMPARISON CORRELATION COEFFICIENTS 


Source Degrees 
variation freedom Sum squares Mean square 


Total 129.84 
Error 74.86 2.34 


Significance partial regression coefficients: 
Evaporation time, rainfall eliminated 
—3.12** 
Evaporation rainfall, time eliminated 
—3.22** 


Comparison partial correlation coefficents; 
Evaporation with time, rainfall eliminated 
Evaporation with rainfall, time eliminated 
For difference between coefficients, .072 


**Exceeds the 1 per cent level of significance 


deviation 0.0420, not significantly different from zero (37 per cent 
level significance). 

the characteristics the regression lines for the evaporation and 
rainfall data established, their relationship remains determined. This 
best done calculating the multiple regression evaporation the 
“independent” factors rainfall and time. shown Table the multiple 
regression was highly significant. Furthermore, the two partial regression 
coefficients were negative and highly significant indicating that there was 
general linear decrease evaporation with time, and that years with 
higher rainfall evaporation tended lower. Moreover, when these two 
partial regression coefficients were standardized calculating their cor- 
responding partial correlation coefficients they proved not significantly 
different (Table 2). This would indicate that both variations rainfall 
and trend with time have contributed roughly equally effect evapora- 
tion. Since change exposure undoubtedly major contributing factor 
the trend time follows that the establishment buildings and trees 
over the course time is, part least, responsible for the gradual decline 
rate evaporation. 
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VARIETAL AND ENVIRONMENTAL EFFECTS RAPESEED 


FATTY ACID COMPOSITION 1958 VARIETAL 
National Research Council Canada, Saskatoon, Saskatchewan 


for publication July 11, 1960] 


ABSTRACT 
The fatty acid compositions the oil from varieties rapeseed grown 
stations were determined gas liquid phase 
ficant differences were found between stations for all fatty acids and 
between varieties for palmitic, stearic, oleic, linoleic, eicosenoic and erucic 
acids. The variations for palmitic, stearic, and eicosenoic acids were small, 
whereas major variations occurred oleic, erucic and linoleic acids. 
correlation coefficient was found between oleic and erucic acids 
and prediction equation was determined calculate oleic acid from the 
erucic acid content. 
INTRODUCTION 
previous publication from this laboratory the fatty acid com- 
position rapeseed oils (3) was limited seven varieties rapeseed 
grown seven locations Western Canada. The study environmental 
effect this property was limited, since the seven locations were the 
southern part the region and did not represent major differences 
climate and soil. The 1958 rapeseed varietal trials conducted the De- 
partment Agriculture included locations the Park Belt and Grey 
Wooded Soil zones and made possible more comprehensive survey 
the effect variety and environment composition the oil. 


Complete resolution fatty acids within group, Cu, may 
accomplished G.L.P.C. (gas liquid phase chromatography), using 
polyester liquid phases (1, and the amounts stearic, oleic, linoleic 
and linolenic acids quantitatively measured. This laboratory has studied 
the results obtained this technique compared standard analytical 
procedures and found that the G.L.P.C. technique more rapid and more 
reliable. The chain-length analysis rapeseed oil fatty acids with 
polyester liquid phases has been compared the results with silicone liquid 
phases and agreement within one unit per cent has been obtained con- 
sistently. The fatty acid compositions the rapeseed oils this study 
were measured G.L.P.C. using polyester liquid phase. The method 
offered the advantage saving time and amount material. 


MATERIALS AND METHODS 

Samples six varieties rapeseed grown twenty-two locations 
Canada were extracted described previously (4). 

esters the fatty acids were used for the G.L.P.C. analyses 
and these were prepared from the oils interesterification with methanol 
using sodium methoxide catalyst (2). This method simple, rapid 
and reliable with freshly extracted oils which contain little free 
fatty acids. 

The units for the G.L.P.C. analyses were the same previously des- 
cribed (3). The column was 6-foot %-inch copper tube filled with 


1Contribution from the National Research Council Canada, Prairie Regional Laboratory, 
Issued N.R.C. No. 6186. 
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VARIETIES SCOTT 


Fatty acid Arlo Golden| Gute Polish Regina 


Linolenic 
~?° 
Behenic 
Erucic 


Stearic 

Oleic e 

Linoleic 


TABLE CONTENT RAPESEED VARIETIES VARIOUS STATIONS 


Fort Vermilion 41. 
The Pas 41. 
Pasqua 

Turtleford 


Parkside 
Beaverlodge 
Lacombe 
Indian Head 
Morden 
Melita 
Brandon 
Winnipeg 
Mean 


Lethbridge, Irrigated 
Lethbridge, Dryland 
Saskatoon 
Scott 

Rosetown 

Regina 


Mean 


Brooks, Irrigated 
Swift Current 
Mean 


Guelph 
Fargo, Dakota 


1) Grey Soil Zone 2) Degraded Black Soil Zone 3) Black Soil Zone 4) Dark Brown Soil Zone 
Brown Soil Zone 


60-80 mesh acid washed Celite 545, coated with succinate-1,4 butanediol 
polyester 4:1 ratio (w/w) (2). The unit was operated 210°C., bridge 
current 200 m.a., flow-rate ml. per min. helium gas, and 


esters were used each determination. The time for each analysis 
was minutes. 


205 
1.0 1.0 1.4 1.4 
20.4 27.0 19.0 32.6 18.2 
9.6 9.0 11.3 7.4 
10.9 10.6 11.0 10.9 11.4 12.4 
40.2 31.3 42.4 29.5 22.8 42.6 
31.2 44.9 30.5 26.0 46.8 
30.8 29.4 24.4 44.9 
30.5 27.6 44.7 
Mean 30.7 29.5 25.7 45.0 
28.3 30.9 22.8 
29.9 27.8 25.1 
29.2 30.8 26.0 
30.0 29.5 24.0 
31.0 28.2 23.5 
31.3 29.5 22.8 
30.0 28.6 23.5 
39.3 30.1 29.8 24.1 
31.0 29.1 24.3 
38.2 30.6 29.5 24.2 
36.8 32.3 30.8 24.4 37.9 
36.9 29.8 25.6 37.9 
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r*-0.975 
b=-0.6590 


PERCENT OLEIC ACID 


GOLDEN 


ARGENTINE 


REGINA II 
ARLO 
GUTE 
POLISH 


22 27 32 37 42 47 


PERCENT ERUCIC ACID 


Relationship between erucic and oleic acids rapeseed oil. 


RESULTS 


complete fatty acid composition for each variety (Table given 
illustrate the analysis which obtained using the G.L.P.C. technique. 
There are minor amounts palmitoleic acid each and minor amounts 
eicosadienoic and behenic two the samples. possible that behenic 
acid present each sample the extent less than per cent but these 
amounts cannot measured with certainty with the present 
wise, arachidic acid (C»), which present the extent per cent 
less, cannot measured with certainty since not completely resolved 
from the linolenic acid. The analyses for these minor component acids 
could accomplished the use longer column, but more time 
would required for each analysis this was not done. The compositions 
Table were selected from the series representative average values 
terms oleic and erucic acids. 


Since the erucic acid considered the most important acid 
terms possible uses rapeseed oil edible and industrial products, the 
proportion this acid the oil obtained from each location given for 
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TABLE 3.—STATION MEANS For Fatty RAPESEED OIL 


Station Palmitic Stearic Oleic Linoleic Linolenic Eicosenoic Erucic 


Fort Vermilion 
The Pas 
Pasqua 

Turtleford 


Parkside 
Beaverlodge 
Lacombe 
Indian Head 
Morden 
Melita 
Brandon 
Winnipeg 


Lethbridge, 
Irrigated 
Lethbridge, 
Dryland 
Saskatoon 
Scott 
Rosetown 
Regina 


Mean 


Brooks, 
Irrigated 
Swift Current 
Mean 


Guelph 
Fargo, Dakota 
Over-all mean 
Range means 
95% Fiducial 
limits 


WWW 


1) Grey Soil Zone 2) Degraded Black Soil Zone 3) Black Soil Zone 4) Dark Brown Soil Zone 
5) Brown Soil Zone 


TABLE 4.—VARIETAL MEANS For Fatty Acips RAPESEED OILS 


Variety Palmitic Stearic Oleic Linoleic} Linolenic| Eicosenoic Erucic 


Argentine 
Arlo 
Golden 
Gute 
Polish 
Regina 
Mean 
Range means 

individuals 36.3 19.2 
Fiducial +0.26 +1.51 +0.62 

imits 
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36.8 
35.9 
10.8 36.3 
Mean 11.4 36.0 
35.8 
35.4 
36.3 
33.0 
32.8 
36.3 
34.1 
35.2 
Mean 34.7 
1.4 25.3 15.5 34.2 
1.5 24.7 16.0 33.5 
1.6 24.2 15.4 33.4 
1.5 23.9 15.6 11.8 34.6 
0.5 5.0 1.9 2.6 5.6 
8.9 12.2 39.3 
9.0 11.5 30.2 
8.7 11.7 41.8 
8.7 11.2 29.5 
9.0 11.5 24.2 
8.7 12.4 42.4 
8.8 11.8 34.6 
0.3 1.2 18.2 
47.7 
+0.83 +0.50 +1.46 
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TABLE 5.—VARIANCE ANALYSES RAPESEED OILS 


Variance due 
Oil property 


Varieties Stations Interaction 
Palmitic 5.940** 0.337* 0.108 
Stearic 0.264** 1.245** 0.0247 
Oleic 3.495 
Linoleic 6.62** 
Linolenic 0.121 1.06 
1.130* 8.632** 0.382 
Degrees freedom 104 


* Significant to 5% level 


TABLE 6.—ANALYSIS RESIDUAL VARIANCE For AND Erucic 


Variance due to: Degrees freedom Mean square 
Regression coefficients 0.5567 0.283 
Centroids! 4.6016 1.97 
Residual 100 2.3380 


1Centroids are the mean values of oleic and erucic acids of each variety from individual regressions 


cach variety (Table 2). sample Regina for the Brandon, Manitoba, 
station was not obtained for the series and the value 41.9 per cent was 
calculated statistics missing value. 

Station and varietal means (Tables and are given for palmitic, 
stearic, oleic, linoleic, linolenic, eicosenoic, and erucic acids. The values for 
palmitic acid include the small amounts palmitoleic acid. Means, range 
means, and range individual samples are included show the extent 
variation each acid. 

Analysis variance (Table for varieties and stations show signifi- 
cant variation between stations for each fatty acid and between varieties for 
each fatty acid except linolenic. Significance the per cent level was 
found for palmitic acid between stations and for eicosenoic acid between 
varieties. 

The major variations occurred oleic, linoleic and erucic acids was 
shown previous studies. The inverse relation between oleic and erucic 
acids was studied (Figure and correlation coefficient —0.975 was 
calculated for these acids. prediction equation was calculated for the 
determination oleic acid from erucic acid content. 

Oleic acid per cent —0.8590 (erucic acid per cent) 53.61 
+1.4 per cent. The individual regression coefficients were calculated for 
each variety and analysis residual variance (Table showed 
significant variation between regression coefficients centroids* for the six 
varieties. This indicates that the same variation oleic and erucic acids 
occurs both Brassica napus and Brassica campestris species. 


values oleic acid and erucic acid for each variety from individual regressions 
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DISCUSSION 

The previous study (3) indicated that the major variation fatty acids 
with respect variety and environment occurred oleic, erucic and 
linoleic acids. present study, drawn from larger number samples, 
shows similarly that changes erucic acid content are reflected changes 
the amounts oleic and linoleic acids. The data Figure show the 
inverse relationship which exists through the varieties the present study. 
The differences individual regression coefficients for varieties were not 
significant statistical analysis, indicating that the trend these two acids 
general rapeseed. Further data selections breeding program 
would provide more comprehensive information the relations between 
these two acids and the interrelationship between oleic and linoleic acids. 

The previous publication with limited number locations showed 
significant variation fatty acid composition between stations. The present 
study, which includes locations the Park Belt and Grey Wooded Soil 
Zones, shows significant variation between stations. While the same pattern 
high, medium, and low erucic acid content variety maintained, there 
considerable variation within varieties location. general, the 
locations with respect reducing erucic acid content are the order 
Degraded Black Soil, Grey Soil, Black Soil, Dark Brown and Brown Soil 
Zones. The effect irrigation seen the Lethbridge, Alberta, location 
and appears that conditions moisture contribute increased content 
erucic acid. There are wide variations erucic acid content locations 
within each soil zone (Table 2). The requirement for high erucic acid 
oil (above per cent) could not obtained selection one the 
present varieties alone without regard for the area and climatic conditions 
within the area. 

The content linolenic acid, which interest connection with 
the use rapeseed oil edible products, shows similar variation 
erucic acid (Table with regard the growing areas. The higher values 
for linolenic acid are found the Park Belt and Grey Wooded Soil 
Zones. The amounts linoleic and eicosenoic acids show small variations 
the average values for each soil zone are considered. 


should noted (Table that values were not always obtained 
the present study for the minor amounts arachidic and behenic acids. 
The determination these was sacrificed the interest reducing the 
time required for analysis. However, other studies rapeseed oil con- 
ducted this laboratory have shown each these acids present amounts 
per cent less, and the values for total acids this study were not 
more than per cent lower than the previous study (3) which 
more than the difference expected between results from the use polyester 
and silicone hquid phases. Further improvements may expected poly- 
ester liquid phases which will improve the resolution saturated and mono- 
ethenoid fatty acid esters and require less time for the analysis. 

The measurement linoleic and linolenic acids G.L.P.C. has not 
been extensively compared standard spectral analyses. limited study 
this laboratory indicated that different results could obtained when 
these acids were present major acids [greater than per cent The 
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G.L.P.C. method gave higher values for linolenic and lower values for lino- 
leic than standard spectral analyses but these values were better agreement 
with the actual values synthetic mixtures. The calculated iodine values 
from G.L.P.C. data were good agreement with measured values which 
was considered index precision the method. the present work 
the mean values for linoleic and linolenic acids for stations and varieties 
(Table are 15.6 and 8.8. Similar data from the previous paper, where 
these acids were measured spectral methods, showed mean values 15.5 
and 7.5, respectively (3). this laboratory indicates that the 
two methods should yield similar results rapeseed oil where the contents 
linoleic and linolenic acids are the per cent range. 


The present data six varieties rapeseed may used guide 
selection rapeseed oils for industrial and edible uses. Further studies 
single plant and crosses should yield valuable information the 
variation individual fatty acids and the development gas liquid phase 
chromatography makes possible such studies. 
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ABSTRACT 


number cereals and other grasses were compared hosts for 
different isolates viruses causing Agropyron mosaic (AMV), wheat 
streak mosaic (WSMV), barley stripe mosaic (BSMV), ryegrass mosaic 
(RMV) and orchard grass mosaic (OMV). Lolium multiflorum was 
susceptible all the viruses. The four varieties wheat tested were 
highly susceptible AMV, WSMV and but not RMV 
OMV. Clintland oats was susceptible WSMV, RMV and OMV but not 
AMV BSMV. Lolium perenne and Dactylis glomerata were 
infected RMV and OMV only, Agropyron repens Beauv. AMV 
only, and Setaria italica Beauv. BSMV only. Brant and Husky 
barley were slightly susceptible AMV, but seven other varieties ap- 
peared immune. Unusual host records include the infection Setaria 
lutescens (Weigel) Hubb. and one plant Agropyron smithii Rydb. with 
and the infection Agropyron intermedium (Host) Beauv. 
with BSMV. differential hosts proposed. 


INTRODUCTION 

number economic grasses are susceptible several viruses that 
cause chlorotic leaf symptoms described mosaics, which often include 
streaks and stripes. The symptoms induced each virus vary with the 
strain virus, the age, nutrition and variety host, and various environ- 
mental influences. Symptoms may further confused mixed infections 
including two more viruses. Serology convenient and reliable aid 
for identifying barley stripe mosaic and bromegrass mosaic viruses (4, 11), 
but appears more difficult and requires more specialized techniques 
for wheat streak mosaic virus (12) and has not been developed satis- 
factory tool for most grass viruses. The electron microscope can also 
used differentiate viruses differences particle shape and size (1, 3). 
Despite advances these fields, the reactions hosts are still the basic 
criterion for differentiating the sap-transmitted viruses affecting grasses. 
However, both the viruses and the grass species are biologically variable, 
and variable host reactions can expected with different virus strains and 
different host varieties strains. For example, all oat varieties tested are 
immune most strains barley stripe mosaic virus, but some varieties 
oats are susceptible some strains the virus (6). Differential hosts 
should chosen from species and varieties plants that are uniformly 
immune some and uniformly susceptible others the viruses 
differentiated. find suitable differential hosts for five different sap- 
transmissible viruses that are difficult distinguish hosts common two 
more them, the reactions number common cereals and grasses 
inoculation with various isolates and strains the viruses were compared. 


MATERIALS AND METHODS 
Several isolates strains each the following viruses were tested 
for host reaction: wheat streak mosaic virus (WSMV), Agropyron mosaic 


1Contribution No. 102, Plant Research Institute, Canada Department Agriculture, Ottawa, Ont. 
Section, Plant Research Institute, Central Experimental Farm, Ottawa, Ont. 
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virus (AMV), barley stripe mosaic virus (BSMV), ryegrass mosaic virus 
(RMV), and orchard grass mosaic virus (OMV). were done 
when the test plants were the 3-leaf stage rubbing the leaves 
with low dilutions (about 1:4) sap from plants known infected 
with specific isolates the viruses. Celite was included the inoculum 
abrasive. After inoculation the plants were kept the greenhouse 
temperature near 20°C. The daily light period was extended hours 
with supplementary light from daylight-type fluorescent lamps supplying 
1000-foot candles light plant height. Symptoms were recorded 2-4 
weeks after inoculation, and hosts were rated high, medium low sus- 
ceptibility each virus, depending whether all, part few the 
inoculated plants usually developed symptoms. Plants that were most 
easily infected usually developed the most severe symptoms. Transmission 
tests were done check for virus plants that remained symptomless 
developed indefinite symptoms. Although the primary objective was not 
extensions host ranges the grass viruses, several new host records were 
noted. The strains each virus tested and significant results are reported 
below. 


HOSTS WHEAT STREAK MOSAIC VIRUS 

Many grasses have been tested for susceptibility WSMV (5, 10, 
14, 15, 16, 19). Wheat the most highly susceptible species recorded. 
Although tolerant varieties have been selected, variety highly resistant. 
Oats, most varieties barley, and Bromus secalinus are usually mod- 
erately susceptible. Low susceptibility has been found rye and corn 
(Zea mays L.), well number wild annuals, winter annuals and 
perennials. Only two species Agropyron have been reported infected; 
these were lasianthum Boiss. and trichophorum (Link) Richt. which 
developed only local lesions after inoculation (14). 

Isolates WSMV tested for host reaction Ottawa included mild 
and severe strain obtained the author Alberta, and mild and 
severe strain from wheat Kansas, United States (AC-85 and AC-29), 
supplied McKinney. accordance with previous records noted 
above, all varieties wheat tested were highly susceptible infection 
all strains WSMV, and most varieties oats and barley were moderately 
susceptible. Agropyron cristatum (L.) Gaertn., elongatum (Host) 
Beauv., intermedium (Host) Beauv., repens (L.) Beauv. and 
trachycaulum (Link) Malte. did not develop symptoms and the virus was 
not re-isolated. However, one plant indistinguishable from other plants 
identified smithii Rydb. was infected with WSMV and developed 
moderate mosaic symptoms. The virus was re-isolated from this plant 
manual transmission wheat. The plant also proved favourable host for 
Aceria tulipae K., vector and mites reared readily trans- 
mitted WSMV wheat. Many other smithii seedlings have been 
inoculated with WSMV, both manually and mites, but other suscep- 
tible plants have been found. has been reported that smithii good 
host the vector, Aceria tulipae Kansas (13). small percentage 
plants are susceptible smithii can function natural reser- 
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voir this virus. Other new host records for WSMV include Lolium 
multiflorum (Lam), five strains which were tested and found low 
moderate susceptibility. Although earlier tests Setaria lutescens 
(Weigel) Hubb. appeared immune, several plants became infected with 
Alberta isolate WSMV. 


HOSTS AGROPYRON MOSAIC VIRUS 

Previous reports host reactions AMV include several species 
Agropyron, Festuca rubra L., rye and wheat (7, 15). Isolates tested 
Ottawa included mild strain from repens, moderate and severe strains 
isolated from naturally infected wheat Ottawa, and Agropyron green 
mosaic and Agropyron yellow mosaic obtained from McKinney. 
Although the symptoms produced the various isolates varied severity, 
the host range was identical for all the above strains. All varieties wheat 
tested were readily infected with all strains, but the symptoms caused all 
isolates from repens were mild. the previously known hosts, 
repens, elongatum and intermedium proved moderately susceptible, 
while fall rye (var. Prussian) and trachycaulum were low suscep- 
host records included the following, which ranged from 
moderate low susceptibility: Elymus canadensis strains Lolium 
multiflorum L., Agropyron cristatum (L.) Gaertn., and varieties 
barley tested (Brant and Husky). 

HOSTS BARLEY STRIPE MOSAIC VIRUS 

number graminaceous and several dicotyledonous hosts have been 
reported for BSMV (4, number grasses were retested for 
susceptibility isolate BSMV from naturally infected Compana 
barley grown Alberta. Limited tests were also made with isolate 
from Turkish barley, and another from the variety Engeldow India grown 
from naturally infected seed obtained from Ponchet, Station centrale 
pathologie vegétale, Versailles, France. Twelve varieties wheat and 
nine varieties barley were tested, well Setaria italica (L.) Beauv. 
(Hungarian millet), Setaria viridis (L.) Beauv., Bromus tectorum and all 
proved highly susceptible the three isolates. further tests the Compana 
isolate, Panicum capillare L., Prussian fall rye, and all five strains Lolium 
multiflorum tested were susceptible. addition, new host record was 
obtained with the infection Agropyron intermedium. Several plants 
this species developed mild symptoms and the virus was re-isolated from 
them. This appears the first record Agropyron being infected 
with BSMV. 
HOSTS RYEGRASS MOSAIC AND ORCHARD GRASS MOSAIC VIRUSES 

Isolates viruses from ryegrass and orchard grass Washington, and 
from orchard grass Massachusetts, were supplied McKinney, 
(2,8). These viruses have been reported infect multiflorum, least 
one variety wheat and other grasses. strains multiflorum tested 
proved moderately highly susceptible the three virus 
perenne, Dactylis glomerata and Clintland oats were slightly moderately 
susceptible. Kent wheat and repens did not become infected. The 
isolate and the two OMV isolates were not differentiated from each 
other any the hosts tested. 
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TABLE I.—REACTIONS CERTAIN GRASSES FIVE VIRUSES BASED THE 
RATIO INFECTED INOCULATED PLANTS 


Viruses 
Hosts 
AMV WSMV BSMV RMV&OMV 

Avena sativa 
Dactylis glomerata 

$143—Britain 
Hordeum vulgare 

Lolium multiflorum 

Lolium perenne 

P.1.179358 from Turkey 

Secale cereale 

Setaria italica (L.) Beauv. 

*Hungarian millet tit 
Triticium aestivum 

Cappelle des pris ttt ttt 

Michigan amber ttt 


1t+t = highly susceptible, all inoculated plants infected; tt = moderately susceptible some plants not 
infected; t = slightly susceptible, or few plants infected; 0 = immune, no plants infected 
Varieties selected as differential hosts 


HOSTS FOR THE DIFFERENTIATION VIRUSES 
The reactions some common grasses, including several which the 
viruses can conveniently differentiated, are shown Table strains 
Italian ryegrass (Lolium multiflorum) that were tested were moderately 
slightly susceptible all strains the viruses, and the viruses could not 
distinguished differences symptoms this host. Italian ryegrass 
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also known susceptible ryegrass mosaic and cocksfoot mosaic 
England (20), well the planthopper-transmitted European wheat 
striate mosaic virus, and the aphid-transmitted barley yellow dwarf virus 
(17, 18). It, therefore, appears one the least specific hosts grass 
viruses known. Perennial ryegrass (L. perenne) proved slightly suscep- 
tible ryegrass mosaic and the two orchard grass mosaic strains, which 
Kent and Cornell wheat appeared immune, but did not become 
infected with WSMV, AMV which wheat highly suscep- 
tible. Clintland oats was readily infected with WSMV, but immune 
AMV, while repens showed the opposite reaction. the viruses tested, 
BSMV was the only one which Setaria italica (L.) Beauv. was highly 


Virus infections non-specific hosts like Italian ryegrass, wheat, 
barley rye with any the viruses indicated can identified the basis 
reactions the specific hosts. Mixtures two more the above 
viruses have been separated satisfactorily using repens, Clintland oats, 
Perennial rye grass and Setaria italica differential hosts. 
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NOTE PIEBALD YELLOW-BERRY 
SAUNDERS WHEAT 


The designation piebald refers the white spots blotches the 
grain wheat result variable starchiness the endosperm. Its im- 
portance gross indication quality was soon recognized both farmer 
and researcher all major grain producing areas. 

While surveying wheat fields Saskatchewan for plant diseases the 
fall 1959 was noted that the variety Saunders showed little piebald 
grain. This was some interest because neighbouring fields, mostly 
Thatcher, revealed rather high percentages this abnormality. The 
situation was studied with some care the Shipman district, where one field 
Saunders the farm Chester McClintick was carefully examined and 
specimens collected for later study. piebald grain was found this 
material. Comparable specimens from three nearby fields Thatcher 
wheat gave 43, 25, and per cent piebald grain, when small samples were 
threshed from about plants for each field. This indicated that Saunders 
may have some resistance piebaldness. 


previous studies this laboratory (1) was found that piebaldness 
wheat was increased leaching the soil which the plants were grow- 
ing. Some experiments this type were conducted compare Saunders 
with Marquis, variety quite susceptible piebald. the first leaching 
test Marquis showed per cent piebald kernels, and Saunders per cent. 
The checks the same test, not leached, gave for Marquis per cent and 
Saunders per cent. second experiment, the soil was leached but the 
crop matured under dry, warm conditions, environment not conducive 
good piebald expression. Here Marquis showed per cent and 
Saunders per cent. another trial, the two varieties were grown side 
side for different purpose, but when mature the grain was examined 
for the amount piebald with the following results: Marquis per cent 
and Saunders per cent. 


The variety Saunders was developed especially for the northern areas 
Western Canada where piebaldness wheat prevalent. possible 
that the breeding program, perhaps without design this particular case, 
incorporated this variety definite resistance the piebald tendency. 
view the fact that piebald wheat usually low protein content, 
and that extent low quality, variety having some resistance this 
regard might useful future breeding projects. 
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NOTE THE ISOLATION RAPE PLANTS WITH 
SEED OIL FREE FROM ERUCIC ACID 


Erucic the major fatty acid component common rapeseed 
(Brassica napus L.) oils, constituting approximately per cent the total 
acids. The largest use rapeseed oil edible products. Recently, 
there has been some controversy concerning the use high percentage 
erucic acid edible products (1). This note reports the isolation 
single plants rape with seed oil free from erucic acid. 

The seed oils large number locally grown varieties and strains 
three species Brassica were analysed for erucic acid content gas 
chromatographic methods. The extreme values (erucic acid per cent 
total acids) were follows: leaf mustard (Brassica juncea (L.) Coss.) 
per cent; turnip rape (Brassica campestris L.) per cent; 
and rape (Brassica napus L.) per cent. 


For the purpose extending these ranges, study was made 
single plants from “strains” which showed variability erucic acid. Pre- 
liminary studies small number “strains” gave evidence variability 
seed stocks the variety Liho variety rape from Limburger 
Hof, Germany). This was selected for further study and seed oils 
from large number single plants were analysed for erucic acid content. 
The range variation was large; the extreme values (erucic acid per cent 
total acids) were approximately and per cent. 

The progeny selected plants with oil low erucic acid content 
were tested Winnipeg and Saskatoon, and single plants with seed oil 
free from erucic acid were isolated both stations. The fatty acid com- 
position (major constituents only) one the erucic acid-free oils 
given (Table comparison with the composition common rapeseed 
oil (variety Golden). 

detailed account this work will published when further progeny 
tests have been completed. 

The authors wish express their appreciation Craig, National 
Research Council Canada, Prairie Regional Laboratory, Saskatoon, for 
encouraging use the gas chromatographic technique plant breeding 
and (Mrs.) Bodo for skilful assistance the analyses. 


1The term acid” used this note refer the free acid and the acid combined 
in glycerides. 


RAPESEED OIL 


Fatty acids (per cent) 


Lino- Lino- 


Palmitic Oleic leic lenic noic Erucic 
Selection from Liho 60.1 24.1 9.2 trace 
Golden 16.6 14.6 9.3 40.0 
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